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EXPLANATION OP PLATES 156 
INTRODUCTION 
Vegetative propagation "by cuttings has been a 
subject of horticultural research for many years. In­
vestigators have attacked the jjroblem from its morpho­
logical phases, as in anatomical and histological 
studies; from its physiological phases, as in studies 
of the influences of carbohydrate and nitrogen reserves 
and from its physical phases, as in studies of stimu­
latory and other external factors. In spite of these 
researches, comparatively little has been added to our 
knoYiTledge of the fundamentals underlying the grov/th of 
cuttings. The more recent literature bearing on the 
subject shows that the factors influencing root grov/th 
in cuttings may be chiefly of a chemical nature. 
Several investigators have reported the influence of 
the carbohydrate and nitrogen reserves in the regener­
ation of roots and tops in tomato cuttings. As far as 
the v/riter is aware, no similar quantitative relation­
ship has been studied in other plants, A more exact 
knov/ledge of the factors influencing rooting is 
desirable. The writer, therefore, was prompted to 
investigate the growth of cuttings as influenced by 
their vegetative vigor; their chemical composition; 
and their position on the mother plant. 
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Goleus "bliimei, an herbaceous or softwood 
plant v/as used In this investigation. The Coleua 
provides material that could be grovm readily in the 
greenhouse; that could be reproduced fairly rapidlyi 
that could be altered readily in its vegetative vigor 
that would furnish suitable cuttings from different 
sections of the same stem or branch; and that would 
furnish suitable material for several trials during a 
single year. 
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REVIEW OP LITERATURE 
The literatUT'e on the vegetative propagation 
of plants is varied and voluminous. Since a number of 
these publications, Kniglit (14), and more recently 
Auchter (2), include fairly complete hibliographies, 
only that literature which has a direct bearing on 
th© present problem will be cited in this paper. 
Loeb (16), reported that the presence of 
leaves upon the cuttings affects root formation and 
the amount of geotrophic curvlture. He found that more 
rapid geotrophic curvlture occurred in stems In v/hich 
root formation was favored. Loeb, at first, believed 
in the validity of Sach's assumption, that there are 
specific root forming substances. Later (18), however, 
he was convinced that the polar character of regeneration 
is due, not to any difference between the ascending and 
descending sap, but to a difference In the nature of 
these tlssties that are reached primarily by the ascend­
ing and descending sap. Loeb (17), believed that the 
plienomsna of regeneration may be explained on the basis 
of the supply of food materials alone "that equal 
masses of stem produce under equal conditions of illum­
ination, temperature, etc., approximately equal masses 
of shoots and roots in equal time." 
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T1i6 study of tbe Influenco of the internal 
conditions upon regeneration, particularly with 
reference to the carbohydrate-nitrogen relations of the 
steal cuttings, has been the subject of many investiga­
tions in recent years. Hooker (12), published a 
review of the investigations by American horticulturists 
on the carbohydrate-nitrogen relations» According to 
Reid (25), this relationship was probably recorded first 
by Godlev/aki and Kasinski, although investigations 
conducted later by American horticulturists were 
inde]?endent of the work of these early investigatorse 
Kraus and Kraybill (15), made an extensive study on the 
carbohydrate-nitrogen relation to the regeneration of 
stem cuttings of tomato plants. One of their findings 
is of considerable importance to the problem of 
propagating plants by cuttings. They fotmd that the 
proportional relationships of carbohydrates and nitrogen 
inflvienced the regeneration of roots and shoots of tomato 
cuttings, and that cuttings with a large amount of stored 
carbohydrates produced roots abundantly. "Ihis v/as 
particularly true where such storage v/as localized. 
Turner (30), with his stiidies on different seedlings 
found similar relations between the relative amount of 
carbohydrates and nitrogen available from the nutrient 
medium and the development of roots and tops, Curtis (6), 
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working witia privet cuttings found that potassitmi 
permanganate stimulated root growth of the cuttings. 
One of his explanations for this stimulatory effect 
of potassium permanganate v/as that the potassium 
permanganate upset the oalance of food siapply hetv/een 
the tops and the roots in favor of the latter, (rurjar 
(10), gave a definite ratio of carbohydrates and 
nitrogen for vegetation and reproduction In the tomato 
plant. Looinis (19), found a correlation betv/een carbo­
hydrate reserves and new root formation in tomato^ 
cabbage and cucumber plants. Starring (28), working on 
the tomato plant, fo^md that carbohydrates were more 
responsible for better root init3-ation than nitrogen, 
although the two together, in sufficient quantities 
always gave the best results. Raid (22)(23), found 
that cuttings taken from tomto plants vzhich had been 
grovai in a soil rich in nitrogen produced new shoots in 
abundance but relatively few roots. On the other hand, she 
noted that cuttings from plants high In carbohydrates 
which contained little nitrogen produced many roots. Sho 
reported that any condition favoring high proportion of 
carbohydrates to nitrogen favors rooting. Schrader (26), 
also working on tomato plants, found that the relation-
ship between cai'bohydrates and nitrogen controlled root 
juid shoot growths in cuttings. In general, he found that. 
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carbohydrates reserve dTavored root growtli, and nitrogen 
reserve favored shoot growth* and a proper balance of 
the two gave the best results. He did not give a 
definite value for this balance. Smith (27), reported 
that etiolation of clematis 10 to 21 days before talcing 
the cuttings aided in the production of roots at the 
nodes, whereas normally, clematis cuttings produce 
roots in internodal regions only. Starch was depleted 
due to etiolation and the carbohydrate-nitrogen balance 
WGs altered which may have stimulated mature tissue to 
regenerate. Van der Leek (31), working with Ribes nigrum 
found that in general, there was a close correlation be~ 
tween the development of new shoots and root formation. 
Yi/hen buds were removed, or failed to grow, the root 
grov;th was inhibited. He did not believe that this v/as 
due purely to nutritional factors but accounted for it 
by some action of a hormone. He found these phenomena 
to be true only of cuttings taken at the beginning of 
dormancy. Priestly (21), stated that propagation from a 
root or stem cutting involves a process of restoration 
of the balance between root and shoot. He said that the 
conditions necessary for the regeneration of new organs 
include the presence of meristematic tissue, or capacity 
to develop it, and a suitable nutrient supply. Tinker 
(29), working with Phaseolus multiplorus found that there 
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is a correlation between the chemical composition 
as expressed by the carbohydrate-nitrogen relation­
ship and the behavior of the plant. He believed that 
the length of day factor governs the utilization of 
the carbohydrates manufactured and the rate of stem 
elongation, and so InTluences the carbohydrate-nitrogen 
relationship. Winkler (32), with his studies on grape 
cuttings, found that those cuttings that gave a high 
starch test with IKI gave the hi^est percentage of 
rooted cuttings* Carlson (4), with her microchemlcal 
studies on rooting and non-rooting rose cuttings, 
reported that Dorothy Perkins cuttings with a large 
starch reserve, rooted well, whereas, the American 
Pillar, with a comparatively small starch reserve failed 
to root. Reld (24), reported that the seedlings which 
stored an abundance of fats rooted profusely. 
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EXPERIMENTAL 
Materials and Methods In the Greenhouse 
Preparing and setting the plants for sand cultures 
Coleus plants of the Harding variety were used 
in this investigation, A sufficient number of stock 
plants was maintained to have a constant supply of 
materials for the purpose of the experiments« 
In the preliminary experiment only 75 ap­
parently uniform plants were iised and each plant was 
trained to a single stem or main shoot. When the small 
plants were four to six inches high the roots v/ere freed 
of any adhering organic matter by washing and brushing 
them carefully, after v/hich they were planted in sand 
cultures, 
In each of the subsequent experiments about 350 
plants v/ere used and each plant was grown with two main 
shoots or branches. These plants were obtained by first 
rooting about 1000 uniform young coleus cuttings. When 
they started to grow, the tips were pinched off to 
promote the development of lateral branches# All but two 
of the resulting side shoots were removed and these 
developed into two quite uniform lateral shoots. After 
four to five weeks, v/hen the young plants were four to 
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six Inches high, they wore ready for the experiment# 
Uniform plants were selected from these and were freed 
of adhering organic matter by washing and brushing the 
roots carefully and v/ere then planted in sand cultures• 
The plants were set in standard gallon glazed 
pots filled about two-thirds full of washed sand. The 
drainage holes of the pots were plugged to prevent 
rimning out of sand, leaching out of the nutrient 
solution, and to confine the roots of the plants to the 
pots. Two pieces of open glass tubing, each about four 
inches long, were half bxirried in the sand on opposite 
sides of the plant to readily convey the nutrient 
solution to the roots of the plants. 
In the preliminary experiment the small plants 
v/ere set about one-half inch deeper than they stood 
originally. In the rest of the experiments, the plants 
were set so that about one-half of the interned© of each 
plant just below the branched stem v/as exposed. By 
planting them in this manner the main lateral shoots did 
not have a (diance to develop roots. This resulted in the 
development of two quite uniform lateral shoots on each 
plant. 
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Culturing the plants 
With the pui'pose of obtaining plants vfith 
vtirying degrees of vogetat3.VG vigor and hence with 
varying proportions of carbohydrate and nitrogen 
reserves, the plants vraro fertilized with three dif­
ferent m.odif3.ed Knopfs nutrient solutions, namely, 
full nutrient solution with hi{^ nitrogen; full 
nuti-lent solution with low nitrogen; and nutrient 
solution v/ithout nitrogen. The constituents of these 
nutrient solutions are shovm in table 1. 
The calculated quantities of the salts which 
would give the desired concentration of the stock 
solution were weighed quantitatively, dissolved, and 
mde to the required volume with tap water. Tlie 
different stock solutions were then stored in tightly 
stoppered brown glass bottles. New stock solutions 
were prepared evQvj three weeks* 
Fertilizing the plants 
The plants were grouped into series A, B, and 
C. Series A was fertilized with the high nitrogen 
solution; series B with the low nitrogen solution; and 
series C with the nutrient solution without nitrogen. 
Table 1 















1 Potassium nitrate 
2 Magnesium sulphate 
3 Calcium nitrate 
4 Monobasic potassium phosphate 
5 Ferric citrate 
1 Potassium nitrate 
2 Magnesium sulphate 
S Calcium nitrate 
4 Monobasic potassium phosphate 
5 Ferric citrate 
6 Potassium chloride 
7 Calcium sulphate 
1 Magnesium sulphate 
2 Monobasic potassium phosphate 
3 Ferric citrate 
4 Calcium sulphate 



















When. the plants had recovered from being 
potted, they v/ore fertilized with the nutrient 
solutions. The amount applied and the number of 
applications wei'e increased as the plants grev/. 
Caring for the plants 
When necessary the plants were watered with 
tap water. In the preliminary experiment, the alter­
nate buds on the stems or main shoots were pinched off 
to obtain more uniform lateral shoots for cuttings, and 
disbudding was done whenever it was found necessary. 
In the subsequent experiments, it was not necessary to 
remove the shoots or buds, because the presence of tv/o 
main branches or lateral shqo-cs in each plant arrested 
the grov/th of vigorous secondary lateral shoots. 
Greenhouse conditions favorable for the best 
development of coleus plants were maintained. The 
temperature vms kept betv/een 73® P. and 80° F. and the 
side walls, ground floor, and sand beds in the greenhouse 
v/ere v/atered. 
In order to be sure that the plants of the 
different series wore subjected to practically the sjmie 
environmental conditions, the pots were rearranged and 
rotated in the plots several times during the progress 
of the experiment. 
• Mi " • 711 
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Recording data of cultured plants 
The responses of the plants to the different 
treatments were determined toy measuring the greatest 
width and height of the plants with the aid of a card­
board v/hich had been marked off previously into Bqu;ire 
inches for this purpose* Measurements were talcen before 
and after the application of the nutrient solutions, 
when there were noticeable changes in the plants. The 
difference between the final and Initial measurements 
represented the growth made by the plants during the 
period of the e:JLperlment. Any other noticeable changes 
In the plants of the different series during the 
progress of the experiment were recorded. At the time 
the plants were harvested, the following data vrero i-e'cord-
edj texture and color of the leaves; abundance of 
lateral shootsj size or vigor of lateral shoots and other 
external differences of the plants of the different 
series or treatments. Representative plants of the 
different series were photographed# 
Harvesting the cultured plants 
The plants were harvested wlisn members of any 
of the series began to flower. All plants that did not 
make uniform growth comparable to the others v/ere 
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discarded. In collecting, the plants v/ere cut close 
to the surface of the sand. 
Prepa3?lng cuttin^-s for growth studies 
In the prelimlnai'y experiment, cuttings were 
prepared from lateral, teraiinal, and haaal portions of 
the stems* All the laterals v/ere removed from the main 
stem and those which contained at least three to five 
nodes v/ere used for cuttings, "rhe remaining main stems 
were then divided into terminal and hasal halves and 
used for cuttings. 
In the subsequent trials the use of the 
laterals v/as discontinued, and with the exception of 
the fourth experiment, the basal and terminal halvoa 
only were used. In the fourth experiment, all the stems 
of series C and some of the stems of aeries A and B were 
divided into basal sind terminal halves in the usual 
fashion. In this experiment some of the cuttings of 
series A and B were prepared shorter than one-half and 
each cutting had only four to five nodes to find if 
the degree of rooting was influenced by the length of a 
cutting. 
In the preliminary experiment, one-third of the 
foliage was trimmed off, but in the subsequent experiments 
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no trlimnlng was done, except In the third experiment, 
where some of the basal cuttings in series A and B 
were defoliated. The object of defoliating the bases 
in these series was to inake a more comparable study 
with those of the bases of series C, because in the 
latter practically all the bases were leafless. In 
all the exjjeriments, the basal cut was made about one 
inch below the basal node. 
Planting the cuttings 
Two kinds of rooting media were tried In 
studying the degree of rooting of cuttings, namely, 
washed sand and ordinary tap v/ater. 
In the preliminary experiment, the cuttings 
were planted in washed sand in an ordinary propagating 
bench in v/hich the soil temperature averaged about 
73® P. The cuttings were set in an upright position, 
setting them six inches apart in rows and ei^t inches 
apart. This distance allowed sufficient space for 
suitable development and enough room for digging the 
cuttings without doing serious damage to the roots. 
The basal portions of the cuttings were burried two to 
three inches in the sand. The cuttings were given the 
necessary attention for their best development. 
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In the second experiment, a method v/as devised 
v/ith the vlev/ of minimizing the injury to the roots v/hen 
the cuttings were dug for examination, and also to in­
crease the number of cuttings that could "be examined at 
a time. Two sheets of half-inch hardware cloth were 
soldered together with a two inch space between them 
making a double shelf. The cuttings were placed upright 
in the openings of the cloth being set about fo\ir inches 
apart in rovirs six inches apart. The double shelf was 
placed in a trough of water so that the basal two or three 
Inches of the cuttings were immersed in water. 
Examination was made by lifting the double tray. 
In the third and fourth experiments both sand 
and water were used as rooting media the planting being 
done as in previous experiments. 
Examining and recording the degree 
of rooting of cuttings 
In the first experiment both the abundance of 
root growth and top growth were recorded. In the other 
experiments, only root growth was recorded, because it 
v/as found that the difference In top growth was 
decidedly in favor of cuttings of series A and cuttings 
of series B respectively# 
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The abttndano© of top growth in the different 
series was determined by approximation. Those cuttings 
that produced tlie greatest top growth were given the 
value of 100 and the rest were graded according to 
this standard. 
Examinations of the roots in all the experiments 
were made at various intervals. The criteria used for 
deteiTnining the ability of the cuttings from different 
series to produce roots were, the earlinesa of root 
formation as evidenced by the appearance of both root 
knobs and roots, and their abundance• Since it was not 
feasible to cotmt or measuro or weigh the amount of 
root knobs or roots produced by each cutting at various 
intervals of examinations an attempt was made to 
estimate the degree of rooting by inspection. All 
cuttings were examined by the same observer and a system 
of grading was adopted. Those cuttings producing the 
best roots were given the va3.ue of lOG and the rest were 
rated according to this standard. Obviously, the 
standard v/ould not be the SEuae at different times of 
examination. This method is open to criticism v/her© 
absolutely accurate determinations are sought but is 
regarded as satisfactory in indicating relative differ­
ences. It was found to be entirely satisfactory in this -
v/ork. 
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The frosh and dry v/elghts of roots at harvest­
ing were taken and in the second experiment actual 
counts and measurements of the roots of representative 
cuttings of the different series were made. In order 
to determine the percentage of fresh weight and dry 
weight, the roots were washed of any foreign matter 
adhering to thsm and were removed carefully from the 
cuttings. They were then spread on paper towels, 
pressed with blotting papers to dry of apparent 
moisture and the fresh weight recorded. Finally, ttiey 
were dried in an electric oven at 80® C. until a constant 
weight was obtained. The percentage fresh wei^t and 
percentage dry weight were calctilated. 
Materials and Methods In the Laboratory 
Collecting materials for chemical analyses 
Due to the limited number of plants in the 
preliminary experiment, no chemical analysis was made. 
Chemical analyses v/ere made in all the other experi­
ments. The plants remaining after taking the samples for 
root growth studies were used for chemical analyses. The 
stems of the plants were cut close to the surface of the 
sand and were brought to the laboratory immediately. 
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Preparlng and killing the tissues 
Tor cheaiical analyses 
The leaves of the plants were removed, 
the defoliated shoots washed to remove any adhering 
dirt, and dried of apparent moisture, The shoots 
v/ere then divided into hasal and terminal halves each 
of which constituted a sample. The green weight of 
each sample was determined after which the tissues 
were cut into pieces ahout one-half inch in length 
and killed. Those cuttings, which had been used for 
the studies of root growth, were prepared for chemical 
analyses in the same fashion as described above, 
except that the roots were removed. 
In the second and fourth experiments the 
leaves of the different series were analyzed 
separately, A definite quantity was weighed and cut 
into small pieces after which it was killed. 
The small pieces of tissues were killed by 
placing them in an Erlenmeyer flask to which a small 
amount (about 0,2 gram) of reprecipitated calcium 
carbonate was added to neutralize the plant acids. The 
tissues were killed by adding enough boiling 95 per cent 
alcohol to cover the sample, after v/hlch each flask was 
fitted with a condenser and refluxed gently for thirty 
minutes. It was then corked tightly and stored for 
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future analyses. This method kl3-l©d the tissues 
rapidly and gave a resulting concentration of 
alcohol of about 80 per cent v/hich furnished an 
excellent preservative for the tissues. 
Drying and grinding 
The stored tissues, together with the 
alcoholj were decanted into a weighed evaporating 
dish and evaporated to dryness on a steam chest at 
70® C. Y/hen the tissues were nearly dry the dish was 
transfer".?- Into an electric oven and dried to constant 
weight at 70® C« The dish with its entire content was 
cooled in a desiccator and weighed.. The dry weight of 
the dish was subtracted froni-the combined weight of the 
dish and its contents, and the difference gave the dry 
v/eight of the tissue. It v;as then possible to 
calculate the percentage of moisture in the original 
sample. 
The oven-dry tissue xvas ground first in a drug 
mill and then in aWiley mill to pass a 38«7 mesh screen. 
The fine powder was placed in specimen bottle and stored 
in a desiccator. 
The alcoholic extraction was carried out Y/ith 
a V/iley extractor, in which a medium alundum thimble v/as 
substituted for the syphon and cup. The thimble vms 
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suspended from the condenser In such a fashion as to 
iimnerse the lower third In the extracting liquid, A 
weighed quantity of the tissue (usually 10 grams) was 
transferred into a weighed alunduni thimble and 
extracted with boiling 80 per cent alcohol for 48 
hours. The alcohol extract was changed after three, 
nine, twelve, and twenty-foxir hours respectively and 
all extracts v/ere combined. This exti^'act constituted 
the hot-alcohol soluble fraction. This extract vms 
used for tho determinations of the alcohol soluble acid 
non-hydrolizable carbohydrates which will hereafter be 
called monosaccharides5 and the alcohol soluble acid 
hydrolizable carbohydrates which will from now on be 
I 
termed disaccharides. Determinations of soluble 
nitrogen were also made from this extracts 
The residue and the alundum thimble were dried 
in the oven at 80® C. to constant weight. The dried 
tissue v/as transferred to a tightly corked specimen 
bottle, and stored in a desiccator, This residue v/as 
used for the determination of alcohol insoluble, acid 
hydrolizable carbohydrates which will hereafter be . 
termed polysaccharides. Insoluble nitrogen was also 




Moisture was determined by subtracting the 
dry weiglit from the green weight of tlie tissue. 
CarTaohydrates 
Just before the analyses were made, the 
combined plant extracts v;ere brou^t to a definite 
volume at 23® C. by the addition of 70 per cent 
alcohol. This solution was then ready for the 
determinations of alcohol soluble carbohydrates and 
soluble nitrogen. Dupllcat*^ samples were analyzed and 
when they did not check within 0.2 ml. other tests were 
made until they checked. 
Monosaccharides 
Two hundred firty ml. of the extract were 
transferred to a beaker and the alcohol driven off by 
evaporation on an electric hot plate and by the sub­
sequent additions of distilled water. When about 100 ml. 
alcohol-free extract were obtained, the solution was 
clarified by the addition of sufficient saturated 
neutral lead accetate solution. The precipitate was 
filtered off and the filtrate collected in a 400 ml. 
beaker containing sufficient potassium oxalate crystals 
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for deleading. The precipitate was washed thoroughly 
with small quantities of hot distilled water. The 
solution was refilterod and the residue v/ashed 
thoroughly with cold distilled ?/ater« The filtrate 
was brought to the original volume of 250 ml. Fifty 
ml. of this solution wore usod for the determination 
of monosaccharides using the Munson-V/allcer-Bertrand 
volumetric method. The result expressed as dextrose, 
represented the total reducing power of the extract 
before hydrolysis or what was here termed monosaccha­
rides, 
Disaccharides 
Seventy-five ml. of the above clarified 
solution wex'e transferred into a 100 ml. volumetric 
flask and 5 ml- hydrochloric acid with a specific 
gravity of 1,19 v/sro added. It v/as then set in a warm 
place, about 25° to 30® C. overni^t for hydrolysis. 
The solution was cooled, neutralized with concentrated 
sodium hydroxide solution using alizarine as an 
indicator. It v/as brou^t to a volume of 100 ml, by 
the addition of distilled water. Total sugars were 
determined in a fashion similar to that used for 
monosaccharides, except that only 25 ml, of the solution 
were used for each determination. The result, ex­
pressed as dextrose, represented the total redticing 
-30-
povver afbor hydrolysis or the total sugars* 
Disaccharides wore determined by subtracting the 
monosaccharides from the total stigars. 
Polysaccharides 
Starch and other acid hydrolizable 
polysaccharides were determined on one-gram portions 
of the Insoluble dry residue. The sample was placed 
into a 250 ml. Erlenmeyer flask to which vieve added 
100 ml. of distilled water and 10 ml. of hydrocholoric 
acid v;lth a sp. gr. of 1.125. The solution was refluxed 
gently for two and one-half hours. The solution was 
cooled, neutralized with concentrated sodium hydroxide 
using alizarine as an indicator. The solution was 
clarified and deleaded as described previously and 
brought to a volume of 250 ml. Twenty-five ml. 
portions of this were used for the determinations of 
the reducing power as for monosaccharides. The result, 




The standard Kjeldahl method was used for the 
determination of th© Insoluble nitrogen. Duplicate 
ssmples of one gram each of the extracted dry residue 
were used. 
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Soluble or non-colloidal nitrogen 
The modified Kjeldahl method to include 
nitrate nitrogen was used for the determination of 
soluble nitrogen, using duplicate samples of 100 ml# 
of the extract* 
Total nitrogen 
The sura of the insoluble and soluble nitro­
gen represented the total nitrogen* 
Results 
In order to simplify the presentation of 
results, the data obtained from each experiment will 
be given separately. 
Experiment 1 
Vigor of plants 
On February 22, 1930, 92 days after setting 
the plants in sand cultures, the vegetative vigor of 
the plants in the preliminary experiment was taken, 
after wliich they v/ere harvested for growth studies. 
The relative growth made by the plants of the 
different series and tbo percentage of plants flowering 
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at harvest are given in table 2, in which will be 
seen that tho plants respoiided to the different 
treatments. 
Series A, Plants fertilized with 
full nutrient solution with higli nitrogen 
The plants of series A v/ere strongly 
vegetative, excelling all others in this resjject. 
They had the most succulent, dark green stems| the 
greatest nuBibei» and longest internodesj and the most 
numerous and most vigorous lateral shoots. Their 
leaves v/ere dark green, with a reddish tinge, soft, and 
very broad. It will be seen in table 2 that the plants 
had an average height of 9,45 incshes and had made an 
average increase in height of 5,93 Inches during the 
92 days of the exi>erimentc They had an average width 
of 10,07inches and had made an average increase in 
width of 4.23 inches during the same period. This 
series had 84 per cent of plants flowering at harvest­
ing time. 
Series B, Plants fertilized with full 
nutrient solution with low nitrogen 
The plants of aeries B v/ere moderately 
vegetative. They were less vegetative, had less 
succulent stems with shorter internodes, lighter 
colored and narrower but stiffer leaves than plants 
Table 2 
The relative sizse and growth made by the plants 
after 92 days (Nov. 1, 1929 to Feb. 22, 1930), 






: Initial : Final :Grov;th 
tHeasiirement : Measurement : in 




• ;\Vidth: Height tV/idth: Height jY/idth: Height 
A Plants fertilized with high 
nitrogen nutrient solution 5.84 3*52 10.07 9.45 4.23 5.93 84.00 
B Plants fertilised i.vlth low 
nitrogen nutrient solution 5,72 3.52 9.20 8.04, 3.48 4.52 60.00 
C Plants fertilized with 
_nutrient solution without 
nitrogen 





of series A» The plants had more niimerous and more 
vigorous lateral shoots than those of aeries 0» They 
had attained an average hoi^t of 8.04 inches and an 
average v/idth of 9,2 inchesj and had made an average 
increase in height of 4.52 inches and an average 
increase in v/idth of 3.48 inches during the time of 
the experii3ient• This series had 60 per cent of the 
plants flov/ering at harvesting time. 
Series C. Plants fertilised v/ith 
nutrient solution without nitrogen 
Th© plants of series 0 v/ere weakly vegetative 
being the least vegetative of all. They had yellov/ish, 
stiff, and woody stems v/ith the shortest and least 
number of internodes, and had very few, small lateral 
shoots. The basal leaves had fallen and those remain­
ing exhibited a gradation from a pale pink color in 
the lov/er ones to a green color in those at the tips. 
The leaves were stiffer and miich thicker than the 
leaves of plants of series B. The plants had grown to 
an average hei^t of 6.24 indies and an average width 
of 7.54 inches; and had made an average increase in 
height of 3«16 inches and an average incpease in width 
of 2.06 inches during 92 days. Only 3.6 per cent of 
the plants flowered at harvesting time. 
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The outstanding differences in the size or 
vegetative vigor of the plants are shovm in Plato I, 
figures 1, 2, and 3, v^hich are typical of plants 
obtained in the preliminary experiment* 
Chemical analyses 
Due to the limited number of plants in the 
preliminary experiment chemical analysis was not made. 
Root growth studies 
A number of cuttings were dug and examined at 
various Intervals in order to obtain an idea of their 
degi'ee of rooting. In this preliminary experiment the 
standard vised for estimating the amount of roots 
produced by the basal, terminal and lateral cuttings 
were not the same and hence the data presented in one 
table cannot be considered comparable to those of the 
other# The growth made by basal, terminal and lateral 
cuttings will be presented separately. 
Root grovith of basal cuttings 
The amount of roots and tops produced by the 
basal cuttings of the different series at various inter­
vals of examinations are presented in table 3. It will 
in 
be seen/table 3 that none of the cuttings that were ex­
amined after 4 days and 10 days had produced roots. 
Table 3 
The amount of roots and tops produced by the basal cuttings 
In sand at various intervals of examinations 
; Type ; Intervals :No.of :Average : Percentage: Average 
Series; of : of :Cuttings :Amount ; Rooting ; Amount 
:Cuttings : Examinations :Examined :of Roots • • • • of Tops 
A Strongly After 4 days 5 0.00 0.00 
. . . . .  
vegetative 
" 10 11 cuttings 5 0.00 0.00 
" 17 n 6 16.60 50.00 
" 29 u 16 55.60 93.75 70.00 
B Moderately " 4 II 5 0.00 0.00 
vegetative 
" 10 It cuttings 5 0.00 0,00 
" 17 It 6 39,90 83.33 
" 29 ri 16 55,10 100.00 62.60 
C if/eakly " 4 » 5 0.00 0.00 
_ vegetative 
" 10 II cuttings 5 0.00 0.00 
" 17 It 7 91.40 100.00 
" 29 It 17 46.50 100,00 38.80 
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After 17 days, some of the cuttings in all of the three 
series began to produce roots and there was a marked 
difference in their degree of rooting. The cuttings 
of series C produced the greatest amount of roots, 
with an average amount of 91.4; cuttings of series B 
ranked next, with an average amount of 39.9 and 
cuttings of series A produced the least, with an 
average amount of only 16.6, It will be seen also in 
table 3 that after 17 days, series C had 100 per cent 
of the cuttings rooting; series B ranked second, with 
83.33 per cent5 and series A had only 50 per cent 
rooting. These marked differences are shown in 
Plate II, figures 1, 2, and 3. After 29 days, all the 
cuttings of series B had also rooted, and only 93.75 
per cent of the cuttings of series A had rooted. It 
will be seen in table 3, however, that after 29 days 
the cuttings of series A had the greatest average amount 
of roots and the cuttings of series 0 had the least# 
These differences can be seen also in table 4 which 
shows the amount of roots produced by the basal cuttings 
in sand after 29 days, expressed in percentage of fresh 
weight and dry weight. 
The results presented in table 4 verify the 





The amomt of roots produced "by the basal 
cuttings in sand after 29 days, expressed 
In percentages of fresh and dry weif^ts 
: :Wo. of :Percentage :Percentage 
Series; Type of Cuttings :Cuttings ;Presh V/ei^t:Di'y ¥i/eight 
: ;Harve3ted: of Roots :of Roots 
A Strongly vegetative 
cuttings 16 4.34 0,68 
B Moderately vegetative 
cuttings 16 4.22 0.64 
G Weakly vegetative 
cuttings 17 2.41 0.41 
—40"' 
series A produced the "best roots and those of series C 
produced the poorest roots after 29 days. Guttinss of 
series A and B gave practically the same percentages 
of fresh and dry weights of roots, v/ith only a dif­
ference of 0,12 per cent and 0.04 per cent 
r e s pe ct ive ly • 
Root grov/th of terminal cuttings 
The findings on the root growth of the 
terminal cuttings are presented in table 5, which 
shov/s 3ahe amount of roots produced by the terminal 
cuttings of the different series at various intervals 
of time. It will be seen from this table that none of 
the cuttings that were examined after four days had 
I'ooted, After ten days, some of the cuttings of series 
C and B v/ere rooting, whereas, none of those of series 
A v/as rooting, There was a marked difference in the 
degree of rooting between cuttings of series G and those 
of series B. it will be seen that the cuttings of series 
0 had an average amount of 46 of roots and the cuttings 
of series B had an average amount of only 12, and that 
the former had 40 per cent more cuttings rooted than the 
latter. Table 5 shows that after 17 days there v/as an 
outstanding difference in the degree of rooting between 
the cuttings of series C on the one hand and the cuttings 
of series A and B on the other. Cuttings of series 0 
Table 5 
The amornit of roots produced by the terminal cuttings 
in sand at various Intervals of examinations 
Series ; Type of Cuttings ;Intervals of: Ho. of :Average :Percentage 
: lExaainations;Cuttings :Amount : Rooting 
: : {Examined :of Roots : 
A Strongly vegetative 
cuttings After 4 days 5 0.00 0.00 
If 10 !1 5 0.00 0.00 
n 17 » 6 33.30 100.00 
II 29 n 16 47.50 93.75 
B Moderately vegetative ti 4 It 5 0.00 0.00 
cuttings ff 10 5 12.00 20.00 
II 17 ti 6 39.90 83.33 
It 29 n 16 53.20 100.00 
C f/eakly vegetative IT 4 It 5 0,00 0.00 
cuttings It It 10 5 46.00 60,00 
u 17 It 7 100.00 100.00 
It 29 It 17 85.80 100.00 
••42"" 
producQd. an average mount of roots of 100, while the 
cuttings of series B and A produced an average amount 
of roots of 39»9 and 33»3 respectively. These 
relative differences in the degree of rooting of the 
cuttings of the different series are also shown in 
Plato III, figures 1, 2, and 3# It will bo noted in 
table 5 that after 29 days the cuttings of series A 
and B had advanced in their degree of rooting. Series 
A, hOYifever, still had the least percentage of rooted 
cuttings with only 93.75 per cent whereas series B and 
C had 100 per cent. Also, cuttings of series C still 
had the greatest and those of series A, least amount 
of roots. 
The percentage of fresh weight and dry weight 
of roots after 29 days are given in table 6. The 
results presented in table 6 agree very closely with 
those obtained by approximation, presented in table 5. 
It will thus be seen that after 29 days the cuttings 
of series C still produced the greatest amount of 
roots and the cuttings of series A produced the least. 
It will be seen also that there was a great difference 
in the percentages of fresh and dry weights of roots of 
the cuttings of series C on the one hand and those of 
series A and B on the other, and only a slight 
difference was noted between the percentages of fresh 
and dry weights of roots produced by the cuttings of 




The mjiount of roots produced by tihe terminal 
cuttings in sand after 29 days, expressed in 
percentages of fresh and dry weiglato 
: :No, of :Percentage ;Percentage 
Series: Type of Cuttings :Cuttings rPresh Weight :Dry Vteiglit 
: :Har'§'ested;of Roots : of Roots 
A Strongly vegetative 
cuttings 16 5.31 0.62 
B Moderately vegetative 
cuttings 16 6.94 0.69 
C V/eakly vegetative 
cuttings 17 18.88 1,26 
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Root grov/th of lateral cuttings 
The findings on the root growth of lateral 
cuttings are presented in table 7 in which will "be 
seen the amount of roots produced try the lateral 
cuttings at various intervals. It will be seen thnt 
after 10 days, each of the series had 80 p^^:r cent 
rooted cuttings and the cuttings of series B, with 
an average of 46, had the greatest amount of roots, 
while those of series A and C each, had an average 
amoTint of 30. After 14 days, it was noted that the 
cuttings of series B still had the highest average 
ainount of roots and the cuttings of series C had the 
least. Only a slight difference in the degree of 
rooting of the three series was noted. After 28 days, 
it was observed that the cuttings of series A, B, and 
C produced an average amount of roots of 60, 59.S, 
and 43.6 respectively. 
Table 8 shows the percentages of fresh weight 
and di?y weight of roots produced by the lateral 
cuttings of the different series. These data agree 
with those obtained by approximation. It v/ill thus b© 
seen that the cuttings of series A had the hi^esfc 
percentages of fresh and dry weights of roots and the 
cuttings of series C had the least« 
Table 7 
The amomt of roots produced by the lateral cuttings in 
sand at various intervals of examinations 
Series Type of Cuttings Intervals of 
Examinations 










A Strongly vegetative After 10 days 5 30.00 80.00 
cuttings 
14 " II 9 83.00 100.00 
ti 28 " 14 60,00 100.00 
B Moderately vegetative If 10 " 5 46,00 80.00 
cuttings 
II 14 " 9 86.60 100.00 
11 28 " 14 59,30 100.00 
C Weakly vegetative « 10 " 5 30.00 80.00 
cuttings 
It 14 " 6 73.00 100.00 
28 " 11 43.60 100.00 
Table 8 
The amount of roots produced by the lateral 
cuttings in sand after 27 days, expressed 
in percentages of fresh and dry weights 
: :Wo. of ;Percentage :Percentage 
Series: Type of Cuttings :Cuttings:Fresh Weight:Dry Weight 
: :Exaiained:of Roots :of Roots 
A Strongly vegetative 
cuttings 14 38.78 3.77 
B Moderately vegetative 
cuttings 14 29.43 3.43 
C Y/eakly vegetative 
cuttings 11 16.81 2.11 
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Top growth of cuttings 
It was observed consistently at the various 
Intervals of examinations that top growth of the 
terminal and lateral cuttings was always greatest 
in the cuttings of series A and least in those of 
series C. Differences in the top grov/ths of the basal 
cuttings of the different series were not as marked 
as those of the terminal and lateral cuttings so 
closer observations wore made. Basal cuttings of 
series A produced the greatest average amount of tops 
with 70, and those of series B ranked second, with 
60.6, and the cuttings of series G produced an 
average amount of only 38.8. 
Stcnniar:/" of results 
The results thus far obtained from the 
preliralnary experiment may be sutmnarized as follows: 
1, Three types of plants were obtained from 
the sand cultures; (a) plants fertllissed with full 
nutrient solution xvlth high nitrogen v/ere strongly 
vegetative and gave the highest percentage of plants 
tliat flowered at harvest; (b) plants fertilized with 
full nutrient solution with low nitrogen v/ere moderately 
vegetative and ranked second in the percentage of plants 
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that flowered at harvestj (c) plants fertilized 
with nutrient solution without nitrogen v/ere wealcly 
vegetative and gave the lov/est percentage of plants 
that flowered at harvest. 
2. Marked differences in the degree of rooting 
of cuttings of the different aeries were noted: (a) 
when the "basal cuttings ai'© compared, they ranked as 
follows: (1) cuttings of series G produced the best 
roots at firstj (2) cuttings of series B ranked second 
and later excelled those of series Cj (3) cuttings of 
series A produced the poorest roots at first but 
produced the best roots as the cuttings were left 
longer in the rooting medium; (b) when the terminal 
cuttings are compared, series A, B and C ranked in 
their ascending order throughout; (c) when the lateral 
cuttings are compared, they ranlced as follows: (1) 
cuttings of series B had produced the best roots at 
first, (2) cuttings of series A and 0 had produced 
a similar amount of roots at first; and (S) cuttings 
of series A had produced the best roots with series 
B ranking second as the cuttings were left longer in 
the rooting medium. 
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3, The difforent typos of cuttings of tho 
aamo slioots exlilbited marked differences in their 
degree of rooting. By oonparing thom on the basis 
of t'as percentages of fresh v^eight and dry weight of 
roots produced it was noted that lateral cuttings 
ranked first, terminal cuttings ranked second, and 
basal cuttings ranked last. It will be noted, however, 
that in series C, the percentage of fresh wei^t of 
roots of the terminal cuttings v/as higher than that 
of the lateral cuttings, v/hereas on the dry weight 
basis the reverse was true. 
Experiment 2 
Vigor of plants 
Each plant produced two quite uniform lateral 
branches and only a few small tertiary laterals 
developed from those. The plants in this experiment 
grev/ faster than those of the preliminary one and they 
wore taller and had thicker but narrov/er leaves. Some 
of the plants of series A began to flov/er on July 1, 
1930. On July 10, 82 days after planting In sand 
cultures, the relative vigor of the plants was recorded 
after v/hich they were harvested for chemical analyses 
and root growth studies. Representative plant of each 
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of the series Is ahovm. in Plate IV, figures 1, 2, 
and 3. 
The relative si23e of the planta and 
percentages of plants flowering at harvest are 
presented in tal3le 9, in which it v^ill he seen that 
the plants responded to the treatments, 
Serios A« Plaats fertilised with full 
nutrient solution with high nitrogen 
The plants in series A were strongly 
vegetative. In general, they resembled the plants of 
the corresponding series of the preliminary oxperiiient. 
It will he seen in table 9 tliat the plants had attained 
an average height of 13«72 inches and an average width 
of 12,74 inches during the 82 days of the experiment. 
They had made an average increase in height of 10,6 inches 
and an average increase in width of 5,94 inches witliin 
47 days. This series had 75 per cent of plants flov/ering 
at the time of harvesting. 
Series B. Plants fortiliaed with fall 
nutrient solution v/ith low nitrogen 
The plants in this series v/ere moderately 
vegetative. They were similar to tlie plants in the 
corresponding series of the prel3,mlnary experiment. They 
attained an average height of 10,02 inches and an average 
width of 9,69 inches during 82 days of the experiment 
Table 9 
Tiie relative size attained and g3?owth made by the plants 
after 47 days (May 24 to July 10, 1930), and percentage 
of plants flowering 
:Initial :Pinal ;Growth 
:Measurement jMeasurement : in 
;in Inches ;in Inches ;Inches 
: IV idth: He igjat i lilfidtii: He Ight: Width: He ight 
Series; Treatment Percentage 
Flowering 
A Plants fertilized with high 
.. nitrogen nutrient solution 
B Plants fertilized .lith low 
nitrogen nutrient; solution 
C Plants fertilized v/ith 
nutrient solution without 
nitrogen 
6.80 3.12 12.74 13.72 5.94 10.60 75.00 
6.96 3,17 9.69 10.02 2.73 6.85 27.35 
6.41 2.83 6.85 5.20 0.44 2.37 0.94 
-56-
nialciiig an average iiicr-eaao of 6.85 inctiea in height 
and an avor-ago increase of 2.73 Inches in widtli during 
47 days. This series had 27«35 per cent of plants 
flov.'Gi'lng at harvest. 
Scries C« Pl.-ints fertilised v/ith 
nutrient soD.ution without nitrogen 
The plants of series C were wealcly vegetative. 
They v/^ere sindlai' to plants of the corresponding aeries 
in the preliminary experiment. They had attained an 
average hei^it of 5.2 inches and an average width of 
6,85 inches during tlie 82 days of the experiment; and 
during the last 47 days they made an average increase 
of 2.37 inches in height and an average Increase of 
0.44 inches in v/idth. Only 0,92 per cent of the plants 
flowered at the time of harvesting. 
Chemical analyses 
Chemical determinations were made for moisture, 
monosaccharidesJ polyaaecharides, total carbohydrates, 
soluble nitrogen, insoluble nitrogen and total nitrogen. 
Analyses v/ere made for disaccharides but due to the fact 
that the I'educing power of the plant extract v;as loss 
after hydrolysis than before, no result on disaccharides 
v/ill be presented In this paper. These results were 
obtained consistently in all the experiments, in v/hich 
tliG Hmaon-Y/alkei'-Boi'trand volumetric method vms 
ciiiployed. Tv/o othex' uiethoda, namely the Qulsiunblng, 
Thomas reduction method viiith Schafer and Hartman 
titration of reduced CugO, and the QuisuniMng, Thomas 
reduction method, with the gravimetric detemlnatlon 
of reduced CugO, v/ere employed to verify the restilts 
obtained in the Munson~\Yalker-Bertrand method, and the 
satiie results were obtained. Table 10 shows the 
comparative results obtained by employing these three 
methods. 
It will be seen in this table that thare were 
less total sugars after hydrolysis tlian before by all 
three methods employed. Evidently tha»e was a 
destruction in the reducing power of the free reducing 
sugars during the process of hydrolysis. The cause is 
undetermined. 
In this experiment, basal cuttings, terminal 
cuttings, and leaves v/ere analyzed separately before 
the roots had developed. Chemical analyses were also 
made of the basal and terminal cuttings separately after 
roots had developed to determine to what extent the 
food reserves had been utilized for root growth. 
Table 10 
Effects of acid-hydrolysis on the reducing 
po7/er of the plant extract 
:Percentage of : Percentage of 
sSimple ReducingJTotal Reducing 
iSugars Before :Sugars After 
.'Hydrolysis ; Hydro lysis 
Methods Employed Difference 
Munson-?/alker-Bertrand volumetric 
method 1.96 1.73 0.23 
luisumbingj Tliomas reduction 
method with Schafer and Hartman 
titration of reduced CugO'"' 
•uisumbing, Thomas reduction 
method with gravimetric 











•K- Determinations were made "by Dr. Gerhart of the Chemistry Section. 
-•59** 
Chemical composifcion of the basal cuttings 
"before and after roots had developed 
The chemical analyses of the basal cuttings 
before and after roots had developed are presented 
in table 11 find the data before roots had developed 
are shovm graxjhicallj in figure 1, 
Chemical composition of the basal cuttings 
before roots had developed 
Moisture. The cuttings of the different 
sox'ies varied in their moisture content* Cuttings 
of series A liad tlie hi^iost percentage of moisture 
and i;hose of series C the least. 
Carbohydrate s. 
Monosaccharides; There was no definite 
relationship between the vegetative vigor of the 
CLittings of the different series and the percentage of 
monosaccharides. Cuttings of series B had a higher 
percentage of these materials than the cuttings of 
series C, v/hereas, the cuttings of the latter had a 
higgler percentage of monosacohoi'ides than the cuttings 
of series A. Cuttings of series B had only about 0.16 
per cent of these materials more than cuttings of series 
C, and the latter load about 0.33 per cent more than the 
cuttings of series A« 
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TaMe 11 
The chemioal oomposition of the basal cuttings before 
had developed, expressed in percentage of freab weighl 
: J Time 3nraple :Ko, of t :Mono~ :Poly~ ;Total 
Series: Type of Cuttings s wsa :0utting8JMoiature:gaGcha-;saccha-;0arbc 
; ! Analized :Analized: :ridee ;rides thydrs 
A Strongly, vegetative Before roots 
cuttings had 66 91 "92 O.SO 1.12 
developed 
B Moderately vegetative 
cuttings " 7g 55go9S 1.33 1.S6 
0 Weakly vegetative 
cuttings » 93 l.lg 3.39 
A Strongly vegetative After roots 
cuttings had 92.16 O.Ilg 1.11 
developed 
B Moderately vegetative 
cuttings " 52 90.5s 0.6^1- i 2.25 
0 Weakly vegetative 
cuttings « 96 90.30 : 2.^2 2.9 

Table 11 
fositlon of the basal cuttings before and after roots 
roressed in percentage of freeb. weight 
t. of I zMono- :Poly.- :Total :Soluble:Insoluble;Total :Oarbohydrate 
ittingsiMolsture:aacoha-;saccha-iOarbo- JNitro- : NitrogenJ Nitro-J Kitrogfen 
lalized: irldes {rides lh7('Tates:gen J :gen ; Ratio 
66 91.92 o.so 1.12 1.92 0.02 0,0k 0.06 32.00 
n 1.33 l.g6 3.19 0.01 0.03 0.04- 79.75 
93 67.2^ I.IS 3.S9 5.07 0.01 0.03 O.Oi^ 126.t5 
45 92.16 1.11 1.59 0.02 0.03 0.05 31.^2 
52 • 90.5s 0.64- i 2.25 2.89 0.00^!- 0.03 0.03 96.33 
96 90.30 0.1^-^ 1 
i 
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fi^ . /. The Chemical Composition of the 
Basal Cuttings o/the Different Series 
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Polysacchai'ides: There was a definite 
negative relationship between the vegetative vigor 
of the cuttings and the percentage of polysaccharides. 
There was an ascending gradient in the percentage of 
these materials from the cuttings of series A to those 
of series C» Cuttings of series C had 2.03 per cent 
more polysaccharides than the cuttinjrs of series B, 
and the latter had only 0.74 per cent more than the 
cuttings of series A, 
Total carbohydrates: Significant negative 
relationship existed between the percentage of total 
carbohydrates and the vegetative vigor of the cuttings 
of the different series. Cuttings of series C and 1,88 
per cent more total carbohydrates than the cuttings of 
series B, and the latter had 1,27 per cent more than the 
cuttings of series A, 
Nitrogen 
Soluble nitrogen:. There was an insignificant 
difference in the percentage of soluble nitrogen of the 
cuttingsof the different series. Cuttings of series A 
had only 0,01 per cent of this material more than the 
cuttings of either series B or 0 which had each only 
0.01 per cent of soluble nitrogen. 
Insoluble nitrogen: There was no definite 
relationship between the percentage of insoluble nitrogen 
and the cuttings of the different series• 
"•63— 
Total nitrogen: '[Dhore v/as no definite 
relationship hetv/een the percentage of total nitrogen 
and the vegetative vigor of the cuttings. Cuttings 
of series A had the highest percentage, whereas, those 
of series B and C had the same percentage of these 
materials. 
Carbohydrate "nitrogen ratlo« There v/as a 
definite Inverse relationship between the value of 
the carbohydrate-nitrogen ratio and the vegetative 
vigor of the cuttings of the different series. There 
v;as fiin ascending gradient in the value of this ratio 
from the cuttings of series A to those of series C, 
Cuttings of series A, B, and C had a value of 
carbohydrate-nitrogen ratio of 32; 79.75} and126.75 
respectively. 
Chemical composition of basal 
cuttings after roots had develoi)ed 
Moisture. The basal cuttings of the different 
series varied in the percentage of moisture in the same 
order as they did before roots had developed. There was 
an increase In the percentage of moisture of cuttings in 
all tliree series after roots had developed. 
Carbohydrate s. 
Monosaccharides 5 There was a tremendous 
decrease in the percentage of monosaccharide a after 
—64"» 
roots had developed in all three series, Cubtings of 
series B showed the greatest decrease and those of 
series A showed the least. 
Polysaccharides J Cuttings of series B shovied 
an increase of about 1 per cent of polysaccliarides and 
the cuttings of series A and C shov/ed decrease of 0,01 
psr cent and 1.47 respectively. 
Total carbohydrates: The poroentage of total 
carbohydrates of the cuttings of the different series 
was still in the same order as before the roots had 
developed, i.e., there v/as an ascending gradient in the 
percentage of these materials from series A to aeries 
C. Only slight differences were noted in the percentages 
of these materials between the cuttings of the different 
series. Cuttings of series C had only 0.01 per cent 
more than tho cuttings of series B, v/hereas, before 
roots had developed the former had about 1,5 per cent 
more total carbohydrates than the latter, there v/as 
a decrease in the pei^centage of total carbohydrs-tes 
after roots had developed in all of the three series, 
Hitrog;en 
Soluble nitrogen: Cuttings of series B and 0 
had decreased in percentages of soluble nitrogen and tho 
cuttings of series A had increased In the percentage of 
this material after roots had developed. 
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Inso^uble nitrogen: A decrease in the percent­
age of insoluble nitrogen was noted in the cuttings of all 
series. 
Total nitrogen: Cuttings of series A and B 
had each a decrease of 0,01 per cent of total nitrogen, 
and cuttings of series C had not decpeased in percentage 
of this material. 
Carbohydrate-nitrogen ratio. Cuttings of 
series B, C, and A had a value of carbohydrate-nitrogen 
ratio of 96,37; 72,52; and 31.82 respectively. 
Chemical composition of the terminal 
cuttings before and after roots had developed 
Table 12 shows the chemical analyses of the 
terminal cuttings of the different series before and 
after roots had developed and the results obtained be­
fore roots had developed are also presented graphically 
in figure 2, 
Chemical composition of terminal cuttings 
before roots had developed. 
It will be noted in table 12 and figure 2 that 
the terminal cuttings of the different series varied in 
their chemical composition in practically the same order 
as did the basal cuttings. 
-66-
Table 12 
The oheraloal ooraposition of the terminal cuttings befo 
roots had developed, expressed in percentage of fresh 
1 jTirae Samples 
SeriesrType of Cuttings : was : 
: sAnalized : 
No.of : 











A Strongly vegetative Before roots 1 66 93.90 0.33 0.71 1. 
cuttings had 
developed 
B Moderately vegetative " 7^ 32 M 0.57 1.05 1. 
cuttings 
0 Weakly vegetative 
cuttings " 93 90.59 0.^ 0 2.15 2. 
A Strongly vegetative After roots 116 9^.21 0.33 ' 0.61 0. 
cuttings had 
developed 
13i|-B Moderately vegetative 93.3i»- 0.57 0.96 1. 
cuttings " 




imposition of the terminal cuttings before and after 
.oped, expreijsed in percentage of freeh weight 
ijNo.of : JMono- :Poly-. :Total iSoluble:In6ol~ .'Total :Oarbohydrate-
lOuttingaiMoiature:eaocha-rsaocha-sOarbo- :Hitro- :uble sNitro-! Nitrogen 
:Analized: trides ;ridee ;hydrateB!gen :Nitrogen;gen ; Ratio 
;s 66 93.90 0.33 0.71 l.Oll- 0.0k 0.06 0.10 lO.ll-O 
73 92.1^6 0.57 1.05 1.62 0.01 0.05 0.06 27,00 
9S 90.59 o,ko 2.15 2.55 0.01 0.05 0.06 il-2.00 
e 116 9^ .21 0.33 0.61 0.99 0.03 0.05 O.OS 12.3s 
134- . 93.gi|- 0.57 0.96 1.53 0.01 O.OH' 0.05 30.60 
112 9^-00 0.30 0.96 1.26 0.01 O.Oi^ 0.05 25.20 
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f/g- 2.. The Chemical Composition of the 
Terminal Cuttings of the Different Series 
-H 




Moisture. There was a descending gradient in 
the percentage of molatm-'e from the cuttings of series 
A to C the cuttings having 93.9 per cent, 92,46 per 
cent, and 90,59 per cent respectively. 
Carbohydrates. 
Monosaccharidess Miere was no definite 
relationship betv/een the i>ercentago of monosaccharides 
and the vegetative vigor of the cuttings of the different 
series. Cuttings of series B had t!ie highest percentage 
of these materials and the cuttings of series A had the 
least. 
Polysaccharides; There was an ascending 
gradient in the percentage of polysaccharides from the 
cuttings of series A to C, Cuttings of series C had a 
percentage of polysaccharides about tv/ice as high as 
the cuttings of series B, and the latter had a percentage 
about 1,5 times as high as cuttings of series A. 
Total carbohydrates: The percentages of 
total carbohydrates of the cuttings of the different 
series were practically in the same order as the per­
centages of polysaccharides and the relative dj-fferences 




Soluble n:li--r'ogenj Tlie cuttinga of series A 
had higher percentage of soluble nitrogen than the 
cuttings of series 3 and C which had the sarae per­
centage of this material. 
Insoluble nitrogen! CuttlJigs of soriea A had 
0.01 per cent more 5.nsoluble nitrogen than either 
cuttings of series B or C v/hich had tho sante percentage 
of this material. 
Total nitrogen! Cuttings of series A had 
more 
0.04 per cent/total nitrogen than the cuttings of 
eitiler series B or C whieh each had 0^06 per cent of 
this material. 
Carbohydrate-nitrogen ratio. There was an 
ascending gradient in the value of the carl)ohydrate-
nitrogen ratio from the cuttings of series A to C. 
Cuttings of series C had a value of carbohydi'ate-nitro-
gen ratio of about 1,5 times as high as that of the 
cutt-,.gc of scries B and the latter had a value of 
about 2.7 times as hi£]h e.s that of the cuttings of 
scries A, The basal cuttings had Eiuch higher value of 
carbohydrate-nitrogen ratio than the terminal cuttings. 
This great difference is accounted for by tirie fact that 
the "loasal cuttings had a relatively much higher percent­
age of total carbohydrates y/ith a relatively much lower 
percentage of total nitrogen than the terminal cuttings. 
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Ghemical composition of terminal cuttings 
after roots had developed 
Moisture. After roots had developed there 
was an Increase in the percentage of moisture with 
scries A having the hi^est percentage \vith series 
B and 0 in tlie order named. 
Carbohydrates 
Monosacchax'ldes: Cuttings of series B had 
the highest percentage of monosaccharides and those of 
series G had the least but the differences between the 
different series were very slight. There was an increase 
in the percentage of these materials in the cuttings of 
series A and B, whereas, the cuttings of series C showed 
a tremendous decrease. 
Polysaccharides: There was a great decrease in 
the percentage of polysaccharides, and the cuttings of 
series 0, B and A had decreased in the order given. 
Total carbdhydrates; Cuttings of series G 
exhlbit&d a tremendous decrease in the percentage of 
total carbohydrates, whereas, the cuttings of series 
B sho^Ted only a slif^it decrease. 
nitrogen 
Soluble nitrogen; Cuttings of series A and B 
had decreased, whereas, the cuttings of series C had in­
creased in the percentage of soluble nitrogen. 
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Inaoluble nitrogen: There v/as a decrease in 
the percentage of insoluble nitrogen in the cuttings 
of the three aeries v/ith greatest decrease in the 
cuttings of series C. 
Total nitrogen; Cuttings of all the three 
series showed a decrease in the percentage of total 
nitrogen. Cuttings of series A had higher percentage 
of total nitrogen than those of series B and C which 
had the same percentage after roots had developsd. 
Chemical composition of the leaves 
The chemical analyses of the leaves are 
presented In table 13. It is Interesting to note that 
the chemical reserves occurred in the leaves in 
practically the same proportions as they did in the 
basal and terminal cuttings. It will be Interesting to 
note also that the leaves had higher percentages of total 
carbohydrates and total nitrogen than the terminal 
cuttings. In aeries A and B, also, the leaves had 
hij^er percentages of these materials than the basal 
cuttings. 
Summary of chemical analyses 
The following is a summary of the chemical 
analyses in the second experiment. 
1, The percentages of moisture and soluble 
nitrogen were directly associated with the 
Table I3 
The oheraical composition of all the leaves of the entire sli 
expressed in percentage of freeh weight 
: ;Tinie : :Mono- J Poly- I Total ; Soluble 
Series (sSource of leaves !sample was: Moisture :saocha-:aacoha-tOarbo- : Hitroge 
: ! oolleoted! !rides ;rides :hydratesJ 
A Strongly vegetative Before S9.75 0,15 2.69 2.gl| O.Oi}-
cuttings regener­
ation 
B Moderately vegetative 
gg.OO 3M cuttings " 0.15 ^ .^33 0.02 
0 Weakly vegetative 
36.25 0.16 i|-.g5 0.004 cuttings " 

Table 13 
composition of all the leaves of the entire shoots, 
















iNitrogenJNitrogen JTotal ; Nitrogen 
: : tHitrogen: Ratio 
0 
mm 
S9.75 0,15 2.69 2.gi| 0,0k 0.26 0.30 
gg.OO 0.15 ; 3.33 3.^  0.02 0.16 O.lg 19.3^  
86.25 0.16 4.68 0.004 0.11 0.11 44.00 
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vegetative vigor of tlie cuttincs. 
2. The percentages of polysaccharides and total 
carbohydrates and the value of the carbohydrate-nitrogen 
ratio v/ere inversely associated with the vegetative vigor 
of the cuttings. 
S. There was no definite relationship betv/een 
the percentages of monosaccharides, and insoluble and 
total nitrogen, and the vegetative vigor of the 
cuttings. 
4. Basal cuttings had higher percentages of 
monosaccharides, polysaccharides, total carbohydrates and 
higher value of carbohydrate-nitrogen ratio than terminal 
cuttings. 
5. Terminal cuttings had higher percentages of 
moisture; and soluble, insoluble, and total nitrogen than 
the basal cuttings. The leaves had practically the same 
proportion of chemical reserves as the shoots of the 
corresponding series. 
6. Both basal and terminal cuttings of all 
series showed an increase in the percentage of moisture 
after roots had developed, 
7. Basal cuttings of all series and the teluminal 
cuttings of series C showed a decrease in the percentage 
of monosaccharides after roots had developed. Terminal 
cuttings of series A and B shov/ed an increase in the 
perceiitage of monosaccharides after roots had developed. 
«74« 
8. Both hasal and terminal cuttings of all 
series showed a decrease in the percentages of 
polysaccharides and total carbohydrates after roots 
had developed, 
9. Basal cuttings of series B and C showed 
a decrease in percentage of soluble nitrogen after 
roots had developed v/hsreas, the basal cuttings of 
series A showed an Increase in the percentage of this 
reserve after roots had developed, Terjninal cuttings 
of series A and B showed decrease whereas the terminal 
cuttings of series C showed an Increase in the percent­
age of soluble nitrogen after roots had developed, 
10# Basal cuttings of series A and C showed a 
decrease, whereas the basal cuttings of series B showed 
an increase In the percentage of Insoluble nitrogen after 
roots had developed. All terminal cuttings of all the 
series shov/ed a decrease in the percentage of Insoluble 
nitrogen after roots had developed. 
11, Basal and terminal cuttings of all the 
series shov/ed a decrease in the percentage of total 
nitrogen after roots had develojped, 
12, Basal cuttings of series A and C showed a 
decrease in the value of the carbohydrate-nitrogen ratio 
v/hereas the basal cuttings of aeries B showed an increase 
in the value of this ratio after roots had developed. 
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13• Terminal cuttings of series A and B 
shov/ed an increase in the value of the carhoh'yda?ate-
nitrogen ratio whereas a decrease in the value of this 
ratio v/as noted in the terminal cuttings of series C 
after roots had developed. 
Root growth studies 
It will "be recalled that in the preliminary 
experiment the standard used in estimating the amount 
of roots produced "by the different portions or sections 
of the same shoots varied with the different series. In 
this, and all subsequent experiments, the same standard 
was used in estimating the amount of roots produced by 
the basal and terminal cuttings. 
Root grov;th of the basal cuttings 
The findings on the root growth of the basal 
cuttings are presented in table 14, 
I 
Some of the cuttings of the three series began 
to produce root knobs after six days but none of them had 
rooted at this time. Uon-defoliated cxittings of series B 
had produced the greatest average amount of knobs and had 
the highest percentage of cuttings producing root knobs, 
v/hile those of series A ranked second in botti respects. 
After 10 days some of the cuttings of all three series 
began to produce roots. It will be seen that the non-
defoliated cuttings of series A and B had produced 
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Table 14 
The amoimt of roots produced by the basal cuttings in wa." 
various intervals of examinatione 
f I :No. of :Average ;Peroe] 
Series; Type of Cuttings i Treatment :Intervale of :Cuttings :Amount ; Produ( 
: : :Sxaminations :Examined :of Knobs;Knobs 
A Strongly vegetative Foliage After 6 days 112 9.11 63.; 
cuttings untrimraed " 10 » 112 —  
II 12 " 112 — —  
" i6 " 112 ........ 
» 20 « 112 -—~ 
All leaves After 6 days l6 0.63 6. 
removed " 10 « l6 
« 12 .« 16 
" 16 « 16 i>« llIM 
" 20 " 16 .«.IM — 
B Moderately vegetative After 6 days llg 11.36 72. 
cuttings Foliage « xo » llg 
untrimmed " 12 " 113 
« 11 lis 
« 20 " 113 — 
All leaves After C days IS' 6.67 4-7. 
removed « 10 » 155 
M 12 « 13 HiB IWI i*|H 
» 16 « 13 
« 20 ^ 13 — 
0 Weakly vegetative All pract­ After 6 days nil- 3.33 23. 
cuttings ically « 10 » llM- — 
leafless " 12 » lli<-
" 16 » lli^^ mm ma nm mii 
H 20 « lll| 

Table 
Dote produced by the basal cuttings in water at 
Ls of examinations 
:No. of {Average :Percentage: Average 
Intervale of sCuttings :Amount tProducing : Amount 
Sxaminations {Examined {of KnobstKnobs : of Roots 
Percentage 
Rooting 
After 6 days 112 9.11 63-39 
» 10 « 112 
" 12 » 112 
" 16 « 112 
" 20 » 112 
After 6 days 16 0.63 6.25 
« 10 " 16 
» 12 " 16 
« 16 « 16 
H 20 " 16 ——-
After 6 days lis 11.36 72.05 
" 10 " llg  ^iMi Ilia Ilia •• 
" 12 » lis 
« 16 " 113 
" 20 " llg 
After 6 days IS- 6.67 47.47 
" 10 « 1^ 
M 12 « 13 
M H IS 
" 20 Ig 
After 6 days 114 3.33 28.07 
« 10 » ll4 
•' 12 « ll4 
» 16 " ll4 
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practically the same amoimt of roots from the beginning 
to the end of the experiment. These same cuttings of 
series A and B produced roots more profusely than their 
corresponding defoliated cuttings. It will be noted 
also that defoliated cuttings of series B and the 
cuttings of series C had produced practically the same 
amount of roots and defoliated cuttings of series A had 
produced the least amount of roots. 
In table 15 are shovm the percentages of fresh 
and dry weights of roots produced by the basal cuttings 
after 20 days. There was a descending gradient in the 
amount of roots produced, from the cuttings of series A 
to those of series C viiich Is in hanaony with the 
findings obtained by estJjnatlon. These results are shown 
also in Plate V, figures 1, 2, and 3. 
Root growth of terminal cuttings 
The data on the root growth of the terminal 
cuttings are given in table 16. It will be seen that 
after 6 days none of the cuttings of either series A 
or C had produced roots, v/hereas, 4.41 per cent of 
those of series B were already rooted at this time. 
It will be noted, hov/ever, that the cuttings of series 
C had produced the greatest ntimber of knobs at this time. 
Cuttings of series B had the greatest amount of roots 
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Talale 15 
The amomit of roots produced "by tlie basal 
cuttings In water after 20 days, expressed 
in percentages of fresli v/eight and dry v/eight 
: iNo. of :Percentage :Percentage 
Series: Type of Cuttings :Cuttings :Fresh. V/ei^t:Dry Weight 
: :Harvested;of Roots :of Roots 
Strongly vegetative 
cuttings 128 22.92 1.83 
B-JS- Moderately vegetative 
cuttings 136 22»05 1.67 
C Weakly vegetative 
cuttings 114 15,10 1.04 
•2£-Roots produced by untrlimned and trijmned cuttings 
were combined. 
Table 16 
The amount of roots produced by the terminal cuttings 
in water at various intervals of examinations 
Series Type of Cuttings 
:IIo. of :Average;Percent-:Average 
Intervals of;CuttingssAmotint :age Pro-:Amount 
Examination ;Rxai)iined:of :ducing :of 
: :aiobs ;Snobs :Roots 
Percentage 
Rooting 
A Strongly vegetative After 6 days 128 18*8 57.03 0.00 0.00 
cuttings " 10 tj 128 13*87 89.06 I? 12 M 128 23.05 89.87 
u 16 If 128 36.28 91.40 IT 20 tt 128 — —  39.55 92,19 
B Moderately vegetative " 6 n 136 37,72 97.79 19.12 4.41 
cuttings " 10 « 136 29.45 99,26 It 12 rt 136 53.24 99.26 i{ 16 ft 136 75,55 99.26 11 20 It 136 72.32 100.00 
C Weakly vegetative " 6 « 114 47.28 100.00 0.00 0.00 
jjuttings " 10 tt 114 28.13 100.00 11 12 n 114 — - 43.42 100.00 
n 16 ft 114 mm mrnmm mrnam 49.42 100.00 
n 20 » 114 27.98 100.00 
•"SO** 
from the boginnlng to the end of the oxpexdment. 
Cuttings of series C ranked second at first "but after 
20 days the cuttings of series A overtook those of 
series C in the degree of rooting. These results are 
illustrated also in Plato VI, figures 1, 2 ,  and 5 »  
The percentages of freah and dry weights of 
roots of the terminal cuttings of th© different series 
are given in table 17. It will be seen that the data 
obtained by actual weights agree very closely with those 
obtained by approximation* 
In order to verify further the validity of the 
data obtained by approximation^, actual counts and 
measurements of roots of fifteen representative cuttings 
of each aeries were made after 20 days. The results 
are presented in table 18 in which it will be seen that 
these data agree with those obtained by approxiraatlon and 
actual weighing of the roots. It is interesting to note 
in table 18 that there was a negative correlation between 
the number of roots per cutting and length of roots. For 
instance, the basal cuttings of series C had the least 
number but longest roots but the tex-'minal cuttings of the 
same serlss 0 had the greatest number but shortest roots. 
Summary of results of root growth 
studies 
The results of root growth of cuttings in 
water may be summarized as follows: 
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Table IV 
The amount of roots produced "by the terminal 
cuttings in water after 20 days, expressed 
in percentages of fresh and dry weights 
I sHo. of :Percentage :Percentage 
Series! Type of Cuttings sGuttings :Presh Weight:Dry Weight 
: :Harvested:of Roots :of Roots 
A Strongly vegetative 
cutt ings 128 29.31 2.28 
B Moderately vegetative 
cuttings 136 55.23 3.84 
C Weakly vegetative 
cuttings 114 17.85 1,22 
Table 18 
Series 
Actual counts and measurements of roots produced 
by basal and terminal cuttings In v/ater after 20 days 
: Basal Cuttings : Terminal Cuttings 
Type of Cuttings t Average:Average iAverage:Average 
: No, of sLength :IIo» of :Length in 
: Roots z^.n Inoiies: Roots jinches 
A Strongly vegetative 
cuttings 19.3 2.66 29.1 2.04 
B Moderately vegetative 
cuttings 14.5 2»56 43.3 2.99 
G Y/eakly vegetative 
cuttings 7,6 3.29 46.9 1.56 
«B3-
1. In general non-defoliated basal cuttings 
of series A and B produced practically the same amount 
of roots and both rooted much more profusely thaii 
either of their corresponding defoliated cuttings or 
those of series C» Defoliated cuttings of series B 
and the cuttings of series C produced practically the 
same amount of roots. Defoliated cuttings of aeries A 
produced the least amount of roots. 
2. v'.'hen the initial degree of rooting of the 
•terminal cuttings Is considered series B, C, and A 
ranked in a descending order. 
3. As a whole, the results indicate that there 
was no definite relationship between the vegetative 
vigor of the cuttings and their capacity to produce 
roots in water® 
4. In all the three aeries the terminal 
cuttings produced roots eai'lior and better than the 
basal cuttings. 
5. It was observed consistently that the basal 
cuttings produced roots only near the vicinity of the 
basal cut, whereas, in terminal cuttings roots appeared 
all over the submerged portion of the cutting. 
6. It Was observed also that the lov/er portions 
(about 1-1 1/g inches long) of the terminal cuttings 
of series C and some of those of series B cui'ved upwar'ds. 
•84" 
Experiment 3 
Vigor of plants 
The plants in this experiment gre\7 more rapidly 
tlian those of the previous experiments due probahly to 
more satisfactory environmontal conditions but In general 
they v/ere similar to those in the second experiment, 
Plate IV, figures 1, 2, said 3» Some of the plants of 
series A and B "began to flower on October 15, 1930, 68 
days after planting in sand cultures. On October 25 
the vigor of the plants vras recorded, after which they 
were harvested for chemical analyses and root grovj'th 
studies, Ml© relative vigor of the plants is presented 
in table 19, in which, it v/ill be noted that the plants 
responded to the various treatments. 
Series A, Plants fertilized v/ith fuD-1 
nutrient solution with high nitrogen 
The plants of series A were strongly vegetative. 
They were similar to those of series A of the second 
experlnent. The plants looked much tlie same as those of 
series 3, the only noticeable difference being the 
presence of moi'© vigorous secondary latei'al shoots in 
the former. They had made an average growth of 8,36 
Inclries in height and 6.78 inches in width within 64 days 
and they had attained an average hei^^t of 10.10 inches 
Table 19 
The relative size and growth made by the plants after 















• :Wldth:H©ight jWidth:Hei^t jVVidth zHeight 
A Plants fertilized with high 
, nitrogen nutrient solution 5.28 1.74 11.06 10.10 5.78 8.36 15.39 
B Plants fertilized v/ith low 
nitrogen nutrient solution 4.95 1.65 9.21 9.18 4.76 7.53 4.69 
C Plants fertilized v/ith 
nutrient solution without 
nitrogen 
4.68 1.43 6.14 3.76 1.46 2.33 0.00 
and an average width of 11.06 Inches during the 78 
days of the experiment. At harvesting 15.39 per cent 
of the plants had flowered. 
Series B. Plants, fertilised with full 
nutrient solution with lovif nitrogen 
The plants of this series ware moderately 
vegetative. They had attained an average height of 
9,18 Inches and an average width of 9.21 inches during 
78 days of the experiment making an average increase of 
7.53 inches in height and 4.26 inches in vxidth in 64 
days. Only 4.69 per cent of the plants had flowered 
at time of harvesting. 
Series C. Plants fertilized with 
nutrient solution without nitrogen 
Plants of series C were weakly vegetative. They 
had produced practically no secondary lateral shoots 
and had the tlilckest leaves. In general the plants 
appeared similar to those of the corresponding series 
in the previous experiments. At time of harvesting 
the plants had attained an average height of 3.76 
inches, mid an average v/ldth of 6.14 inches, having 
made an average grov/th of 2.33 inches in height &nd 
1,46 inches in width durln.g 64 days. Uone of the plants 
of this series had flowered at harvesting time. 
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Ghemical analyses 
In tMa experiment, only the chemical analyses 
were made of the basal and terminal cuttings hefore the 
roots had developed. 
Chemical composition of the 
basal cuttings 
Tiie cliemical analyses of the oasal cuttings of 
the different series aa^e pi'esented in table 20, The 
results indicate that marked variation in the chemical 
reserves existed in tihe cuttings of the different 
series. 
Moisture, Thei'e vifas a descending gradient in 
the percentage of moisture from the cuttings of series 
A to C, It will be noted, however, that there was only 
a difference of 0«82 i>er cent between cuttings of 
series A and those of series 3. On the other hand the 
cuttings of series A had 2#65 per cent moisture more 
than the cuttings of series C« 
Carbohydrates 
Monosaccharides: There Y/as no definite relation­
ship bet7/een the vegetative vigor of the cuttings of the 
different series and the percentage of monosaccharides. 
Only sli/^t differences in the percentages of monosaccha­
rides between the cuttings of the different series were 
noted* 
Table 20 
The chemical composition of basal cuttings of the different 




























cuttings 90»87 0.68 1.50 2,18 0.04 0.04 0.08 27.25 
B Moderately 
vegetative 
cuttings 90.05 0.88 1.44 2.32 0.02 0.04 0.06 38.67 
C Weakly 
jregetative 
cuttings 88.22 0.84 3.27 4.11 0.01 0.04 0.05 82.20 
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Polysaccharides: Cuttings of aeries A had a 
slightly higher percentage of polysaccharides than those 
of series B, whereas, in the previous experiment it was 
noted that the cuttings of series B had a much higher 
percentage of these materials than those of series A. 
Cuttings of aeries C still exhibited a much higher 
percentage of polysaccharides than the cuttings of 
either series A or B, 
Total carbohydrates: The results presented 
in table 20 Indicate that there was a definite negative 
relationship between the vegetative vigor of the cuttings 
of the different series and the percentage of total 
carbohydrates. The weakly vegetative cuttings had the 
highest percentage of these materials and the strongly 
vegetative cuttings had -Hie least. 
Nitrogen 
Soluble nitrogen; There was a gradual decrease 
in the percentage of soluble nitrogen from the cuttings 
of series A to those of series C. 
Insoluble nitrogens There was no definite 
relationship between the vegetative vigor of the cuttings 
and the percentage of Insoluble nitrogen. Cuttings of 
all three series had the same percentage of this 
material. 
"•90** 
These results agi»ee vdth those of the previous 
experiment. 
Total nitrogen: V/hen the percentage of total 
nitrogen is considered, it will he noted in table 20, 
that the strongly vegetative cuttings had the highest 
percentage and the weakly vegetative ones had the 
lov/est percentage of this material. 
Carbohydrate-nitrogen ratio. There was a 
marked inverse association between the vegetative vigor 
of the cuttings and the value of the carbohydrate-nit ro-
gen ratio. There was an ascending gradient in the value 
of the carbohydrate-nitrogen ratio from the cuttings of 
series A to those of series C. 
Chemical composition of the terminal 
cuttings 
The chemical composition of the terminal 
cuttings of the different series is presented in table 
21. The results indicate that there were variations in 
the chemical composition of the cuttings of different 
series. 
Moisture. There was a direct relationship 
between the vegetative vigor of the cuttings of different 
series and the i)ercentage of moisture. There was a 
gradient decrease in the percentage of moisture from the 
cuttings of series A to those of series C. A difference 
of 0.29 per cent moisture was noted between the cuttings 
Table 21 
The chemical eomposition of terminal cuttings of the 
different series, expressed in percentage of fresh 
weight 
— :Tjpe of 




























cuttings 93,89 0,35 0.57 0.92 0.04 0.05 0.09 10.22 
B Moderately 
vegetative 
cuttings 93.60 0,4061 0.97 1.38 0.02 0.06 0.08 17.25 
C Wea Idy 
.^vegetative 
cuttings 91.53 0.3332 1.88 2.21 0.01 0.05 0.06 36.83 
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of series A and tliose of D, and a difference of 2«36 
per cent was noted between the cuttings of series A 
and C. 
Carbohydrates 
Monosaccharides: There v/as no definite relMtion-
ship between tho vegetative vigor of the cuttings of the 
different series and the percentage of monosaccharides. 
Cuttings of series B had the highest percentage of these 
materials and the cuttings of series C had the least. 
There was a small difference in the percentage of 
monosaccharides between the cuttings of the different 
series. 
Polysaccharides: Results presented in table 21 
indicate that a definite negative association existed 
between tho vigor of the cuttings of the different series 
and the percentage of polysaccharides. There was an 
ascending gradient in the percentage of these materials 
from the cuttings of series A to those of series G. 
Cuttings of series B had only 0.4 per cent polysaccharides 
more than cuttings of series Aj while the cuttings of 
series C had about 1.5 per cent more thaa the cuttings 
of series A. 
Total carbohydrates; The relationship between 
the vegetativ6i vigor of the cuttings of the different 
series and the percentage of total carbohydrates was in 
the same order as that for the polysaccharidesj that is. 
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thuore was an ascending gradient in the percentage of 
total carbohydrates from the cuttings of aeries A to 
those cf series C. Cuttings of series B had 0,46 per 
cent total carbohydrates more than the cuttings of 
series A, while the cuttings of series G had 1,29 per 
cent more of these materials than those of series A. 
Nitrogen 
Soluble nitrogen: There was a direct 
association between the vegetative vigor of the cuttings 
and the percentage of soluble nitrogen. Cuttings of 
series A had the highest percentage of these materials 
and those of series C had the lowest percentage. 
Insoluble nitrogens There was no definite 
relationship between the vigor of the cuttings of the 
different series and the percentage of insoluble nitrogen. 
Cuttings of series B had the highest percentage of in­
soluble nitrogen; cuttingsof series A and those of series 
C had the same percentage of this material. 
Total nitrogens There was a gradient decrease 
in the percentage of total nitrogen from the cuttings of 
series A to those of series C. Cuttingsof series A, B, 
and C had 0,09 per cent, 0,08 per cent, and 0,06 per cent 
total nitrogen respectively, 
C arbohydrate-nltrogen rati o« There was an 
ascending gradient In the value of the carbohydrate-nitrogen 
ratio from the cuttings of series A to those of series C» 
•"94~ 
It Y/ill be noted that there was only a difference of 
7,03 hetweon cuttings of series B and those of series 
A, Aliereas a difference of 26.61 was noted betv/een the 
cuttings of series C and those of series A. 
Summary of chemical analyses 
As a whole the results on the chemical 
analyses in this experiment agree with those obtained 
from the previous one and may be summarized as 
follows: 
1. The strongly vegetative cuttings had the 
highest percentages of moisture, soluble nitrogen and 
total nitrogen, and the weakly vegetative ones had the 
lowest percentage of these materials. 
2» The weakly vegetative cuttings had the 
highest percentages of polysaccharides, total carbo­
hydrates, ajid value of carbohydrate-nitrogen ratio, and 
the strongly vegetative cuttings had the least. 
3. There was no definite relationship between 
the percentage of monosaccharides and insoluble nitrogen 
on the one hand and the vegetative vigor of the cuttings 
on the other# 
4. In general, there was no marked difference 
between the chemical composition of the cuttings of 
series A and B, There were, however, marked differences 
between the chemical reser'S'es of the cuttings of series 
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serios A arid B on the one hand and thoso of series C 
on the otiior» . 
5» Terminal iDUttings had higher percentages 
of moisture; and soluble, insoluble, and total nitro­
gen than tho basal cuttings, 
6, Basal cuttings Imd higher percentages of 
monosaccharides, polysaccharides, and total carbohydrates 
and value of carbohydrate-nitrogen ratio than the 
terminal cuttiiaigs. 
Root growth studies 
Because the results obtained in the second 
experiment were quite different from those of the pre­
liminary experiment this third one was conducted to test 
tho results of the previous experiments* Since tv/o kinds 
of rooting media were used in the previous er.periments. 
I.e., sand in the preliminary experiment and water in the 
second; both media v/ere used in this experiment. 
It was found in this experiment that the cuttings 
responded quite diffei*ently in the tv/o rooting media, 
their response being similar to that in the corresponding 
medixun of the previous experiments. Those that wore grown 
in water culture had produced roots very much earlier 
more abundantly than those planted in the sand. For this 
reason, examination of tlie cuttings in the two media v/ere 
made at different dates and the results given separately. 
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Root growth of the basal 
cuttings in water 
The data on tlie root gi'ovfth studies of the 
basal cuttiiogs in v/ater are presented in table 22• 
After 11 days, sane of the cuttings in all of the 
series liad produced roots. Cuttings of serJ.ea A pro­
duced the greatest amount of roots from the beginning 
•until the end of the experiment. Cuttings of series C 
ranked second in the degree of rooting for the first 
17 days but by the tv/enty-first day the cuttings of 
series B had surpassed those of series C« 
Table 23 sho-cjs the percentages of dry weiglifc 
of roots produced by the cuttings after 25 days in which 
it will be seen that there was but a sligjit difference in 
the percentage of dry weight of roots produced by the 
cuttings of Series A and B, These results, obtained by 
actual weight of roots, are in accord with those obtained 
by approximation. 
Root growth of the terminal 
cuttings in water 
The results of the root groY;th studies of terminal 
cuttings in water are presented in table 24» Aftei^ 11 
days some of the cuttings in all three series had 
produced roots. Cuttings of series C had produced the 
greatest amount of roots and those of series A ranked 
Table 22 
The amount of roots produced "by the hasal cuttings 
in water at various intervals of examinations 
Series: Type of Cuttings :Intervals of iHo. of : Average : Percentage 
. ; '.Examinations :Cuttings : Amonnt i Rooting 
; : :Examined s of Roots ; 
A Strongly vegetative After 11 dayp 50 7»0 38.00 
cuttings n 14 ij 50 10.86 88.00 
» 17 It 50 14.46 94.00 
If 21 It 50 14.12 94.00 li 25 II 50 10.38 96*00 
B Moderately vegetative II 11 !l 47 0*04 4.26 
cuttings i> 14 M 47 4.49 76.59 
ti 17 It 47 6.06 91.49 
II 21 IT 47 8.09 95.74 
ft 25 tt 47 7,49 100,00 
C Vifeakly vegetative ti 11 IT 49 5.10 29,53 
cuttings 11 14 tl 49 6.45 63.27 
I! 17 ?? 49 6.37 75.51 
It 21 tl 49 4.61 77.55 
tt 25 II 49 2*77 83.67 
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Table 23 
The amount of roots produced by the baaal 
cuttings in water after 25 days, expressed 
in percentage of di'y weight 
: ; No. of : Percentage 
Series; Type of Cuttings : Cuttings : Dry Vifeight 
: : Harvested: of Roots 
A Strongly vegetative 
cuttings 50 1.97 
B Moderately vegetative 
cuttings 47 1.71 
0 Weakly vegetative 
cuttings 49 0.35 
Table 24 
The amoiint of roots produced by the terminal 
cuttings in water at various intervals of 
examinations 
: il!nFer7iIs~oF~r"^o7~of : Average : Percentage 
Series:Type of cuttings :Examinations t Cuttings ; Amount ; Hooting 
• : t : Examined : of Roots : 
A Strongly vegetative After 11 days 50 9.00 86,00 
cuttings n 14 TT 50 59.82 100,00 
n 17 n 50 72,62 100.00 
ti 21 It 50 63»52 100.00 
!! 25 K 50 56.70 100.00 
B Moderately vegetative H 11 It 47 4.15 80,85 
cuttings 11 14 II 47 43.56 100.00 
It 17 n 47 60.64 100,00 
II 21 11 47 69.57 100.00 
n 25 11 47 62.89 100.00 
C Weakly vegetative It 11 11 49 10.30 95.92 
cuttings « 14 It 49 52.49 100,00 
II 17 17 49 48.27 100.00 ij 21 11 49 49.82 100.00 
II 25 tt 49 28.29 100.00 
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soooiid. Mtex* 14 daya tlie cuttings of series A had 
pi.'Oduoed the greatest amount of roots and these of 
sorias C I'anked second. Aftor 17 days the cuttings 
of series A still retained the luad iDut at tliis tiius 
the cuttings of series B had produced more roots than 
those of series C, After 25 days the cuttings of 
series B had surpassed series A which still retained 
its superiority over series G* 
Table 25 shows tlie percentages of dry weight 
of roots produced by the terminal cuttings after 25 
days v/hich agree with the data obtained by estimation. 
Root grov/th of the basal 
cuttings in sand 
The results on the root growth studies of the 
basal cuttings in sand are given in table 26, After 24 
days, the v/eakly vegetative cuttings had the greatest 
amount of roots and showed the highest percentage rooting 
and the moderately vegetative cuttings ranked next in 
both these respects. Series C had 50 per cent cuttings 
rooting and about 1«5 more roots than series A. 
Cuttings of aeries A and B did not vary much in their 
degree of rooting and the latter had only about 25 per 
cent cuttings rooting and 0,61 more roots than the former 
The data obtained by actually weighing the roots 
show also that the weakly vegetative cuttings had the 
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Table 25 
The amount of roots produced by the terminal 
cuttings In water after 25 days, expressed 
In percentage of dry weight 
• 
• 
Series:Types of Cuttings 
• 
• 




; Dry Weight 
: of Roots 
A Strongly vegetative 
cutt ings 50 5,31 
B Moderately vegetative 
cuttings 47 6.90 
C Weakly vegetative 
cuttings 49 4.69 
Table 26 
The amount of roots produced "by 'bhe "basal cuttings in 
sand at various intervals of examination 
Seriess sintervala ;No.of :Average jPercentage;Percentage 
.... : Type of Cuttings :of Examin-jCuttings:Amount ;Dry Weight: Rooting 
: :ations {Examined:of Roots:of Roots : 
A -Strongly vegetative After 24 days 28 S»21 0,21 50.00 
cuttings ' 
n B Moderately vegetative " 24 28 3.82 0.27 85.71 
cuttings 11 C Wealrly vegetative " 24 26 4.69 0.33 100.00 
cuttings 
A Strongly vegetative After 34 days 10 12,20 0.60 100.00 
cuttings 
B Moderately vegetative " 34 J! 10 12,50 0.70 100.00 
cuttings (1 C V/eakly vegetative " 34 10 13,50 0.90 100.00 
cuttings 
-103-
Mgheat percentage of dry weight of roots and th© 
strongly vegetative ones had the least, Plate VII, 
figures 1, 2, and 3. 
After 34 days there was still an ascending 
gradient in the degree of rooting from the cuttings 
of series A to C. At this time, however, only slight 
differences were noted indicating that the cuttings 
of series A and B had increased in their degree of 
rooting while those of series C had declined. All 
three series had 100 per cent rooted cuttings. The 
results obtained by estimation are confirmed by those 
obtained by actually weighing the roots. 
Haot growth of tlie terMnal 
cuttings in sand 
Th© results on the root growth studies of the 
terminal cuttings in saad are given in table 27, There 
was a definite inverse association betv/een the vegetative 
vigor of the cuttings and the degree of rooting. Cuttings 
of series A, B, and 0 ranked in an ascending order both 
in the average amount of roots and the percentage of 
cuttings rooted after 24 days. Cuttings of series G had 
an average amount of roots of about 55 more than cuttings 
of series B, and the latter had an average amount of only 
about 5 more than those of series A, The results obtained 
by v/eigliing the roots verify those obtained by estimation. 
The relative differences in the degree of rooting are also 
shown in Plate VIII, figures 1, 2, and 3. 
Table 27 
The amoiint of roots produced by the terminal cuttings 
in sand at various Intervals of examination 
— ; ;Inte rvals of 
Series: Type of Cuttings sExaminations 
i • 









sof Roots : Rooting 
A Strongly vegetative After 24 daye 28 10.25 0,59 71.43 
cuttitiisa 
B Moderately vegetative " 24 " 28 15,36 0.75 85.71 
cuttings 
C Weakly vegetative " 24 " 26 71.53 2.38 100 
cuttings 
A Strongly vegetative After 34 d%s 10 31.00 2.65 100 
cuttings 
B Moderately vegetative " 34 " 10 36,50 2.95 100 
cuttings 
C 7/eakly vegetative " 34 " 10 70.00 4.15 100 
cuttings 
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Aftei' 34 clays, aex'^ioG A, B, and C a till ranked 
in. an ascejiding order in their degree of rooting, lliis 
is sho\m both by ostimation and by actually v;eii;^iing the 
roots« 
Siimmary of restuls 
The follov;lng is a sxiniiiiary of the results on 
root growth studies of cuttings in water and sand: 
1. The basal and terminal cuttings of the 
different series produced roots more quickly and more 
profusely in v/ater than in sand# 
2. Throughout the experiment the basal cuttings 
of series A ranked first in the degree of rooting in 
water. For the first 17 days cuttings of series C v/ere 
second, after which they were surpassed by those of series 
B. 
3. The results of rooting of the terminal cuttings 
in water v;ere not so regular. Cuttings of series C lead 
at first with those of series A second but after 14 days 
the cuttings of series A surpassed those of series C» 
After 21 days the cuttings of series B ranlcod first and 
those of series A second and this relationship was main­
tained until the end of the experiment. 
4. In sand, the basal and terminal cuttings of 
series A, B, and C ranked in the degree of rooting in an 
ascending order from the beginning to the end of the 
experiment# 
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5, Terinlnal cub tinges of all aeries prod^xcod 
roots more quioVrly tind more profusely than the basal 
cuttings both in water and nand. 
S« As a vYholo the cuttinga of aeriea C showiad 
much better capacity to produce roots than the cuttings 
of either series A or B. Cuttjjiga of series A mid B 
had only slight difference in their degree of rooting, 
7, The basal cuttings, both in v/ater and in 
saiida prodvicsd roots only In the vicinity of the cut 
vjhereas the terminal cuttings produced roots pi'actically 
on all of til© stem su'braerged in v/ater or covered with 
sand, Tlia terminal cuttings of sei^ies C, and some of 
those of series B, curved upwards when planted in water, 
Experimont 4 
Vl^.or of plants 
These plants, v/hidi viere grov/n dui^ing the 
corresponding period of the year as those in the pre­
liminary experiment, reseribled the plants of that 
experiment, being more uniform and more vigorous than 
the plants of the second and third experiments. It took 
a longer time for the plants to reach the flowering stage. 
The plants were set November 5, 1930 and were harvested 
March 11, 1931, or 126 days after planting in saiid 
cultures, Repi'esentative plaints of each series v/ere 
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photographed at the time of harvesting and are shown 
in Plate I, figures 1, 2, and 3. 
Series A. Plants fertilized with full 
nutrient solution with high nitrogen 
The plants in this series were strongly-
vegetative and v/ere similar to the plants of the 
corresponding series of the previous experiments. 
They had attained an average height of 12,72 inches and 
an average width of 15.74 inches during the 126 days of 
the experiment. This series had 9.78 per cent plants 
flowering at time of harvesting. 
Series B. Plants fertilized with full 
nutrient solution with low nitrogen 
The plants of series B were moderately 
vegetative. They resembled the plants of series C more 
closely than they did those of series A, They attained 
an average height of 7.92 inches and an average width 
of 12.17 inches and at harvesting time 7.21 per cent of 
the plants had flowered. 
Series C. Plants fertilized with nutrient 
solution without nitrogen 
The plants were weakly vegetative. They at­
tained an average height of 4.79 inches and an average 
width of 8.73 inches and none of them had flowered at 
the time of liarvesting. 
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Chemlcal analyses 
The basal and terminal cuttings and leaves 
were analyzed separately in this experiment. 
Chemical composition of 
basal cuttings 
The chemical composition of basal cuttings 
of the different series is presented in table 28 and 
shown graphically in figure 3« 
Moisture« There v;as a descending gradient in 
the percentage of molstu3?6 from the cuttings of series 
A to C» Cuttings of series A had 0,28 per cent more 
moisture than the cuttings of series B, and the latter 
had about 2 per cent more moisture than the cuttings of 
series C. 
Carbohydrates 
Monosaccharides I Tbere was a gradient decrease 
in the percentage of monosaccharides from the cuttings 
of series A to C. Cuttings of series A had 0,03 per cent 
more of these materials than those of series B, and the 
latter had 0,07 per cent mo3?e than the cuttings of 
series C, 
Polysaccharides! There was an ascending 
gradient in the percentage of polysaccharides from the 
cuttings of series A to C, Cuttings of series C had 
1.25 per cent more polysaccharides than the cuttings 
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Table 2g 
The chemical composition of the basal cuttlnge of dlffert 
series, expressed in percentage fresh weight 
Series? jHo. of i tMoho- sPoly-^ sTotal :Solubl« 
: Type of Cuttings :Guttinge: Moi sture J8aooha*-ssaooha-:0arbo- :Nitrog( 
: lAnalized: :rides J rides :hydrateB: 
A Strongly vegetative 
cuttings 72 91.^5 1.16 1.5s 2.7^1 0,06 
B Moderately vegetative 
cuttings 76 91.17 1.13 1.7? 5.90 0.01 
0 Weakly vegetative 




composition of the basal cuttings of different 
sssed in percentage fresh weight 
f s JMono~ J Poly- : Total '.Soluble :In~ : Total !Carbohydrate~ 
igssMoisture:Baooha-5saooha-:Oarbo- :NitrogenJ soluble lKitro~ : Nitrogen 
zed! trides irides :hydratesi :HltrogenJgen : Ratio 
91 A5 1.16 1.58 2.71^ 0.06 O.Oil- 0.10 27.i<-0 
91. X7 1*13 1.7? 2.90 0.01 O.Ol^ 0.05 53.00 
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r/s- 3. The ChemicaJ Com/ios/fion of fho 
Basaf Cuftin^s of the Dif^erenf Series 
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of series B, and the latter had only 0.19 per cent 
more than those of series A. 
Total carbohydratess The percentage of 
total carbohydrates were distributed in tht. cuttings 
of the different aeries in practically the same proportion 
as the polysaccharides# Cuttings of series G had a much 
higher percentage of these materials than either the 
cuttings of series A or B. Cuttings of series B had 
only a slightly higher percentage of these reserves than 
those of series A, 
Hitrogen 
Soluble nitrogen; Cuttings of series A had a 
much higher percentage of soluble nitrogen than the 
cuttings of either aeries B or C which had the same 
percentage of this reserve. 
Insoluble nitrogens There was no definite 
relationship between the vegetative vigor of the cuttings 
and the percentage of insoluble nitrogen. Cuttings of 
all series had the same percentage of this material. 
Total nitrogens Cuttings of series A had twice 
as high a percentage of total nitrogen as those of series 
B or C which had the same percentage# 
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Caybohydrate-nltrogen ratio. There v/as a 
definite negative association between the vegetative 
vigor of the cuttings and the value of the carbohydrate-
nitrogen ratio. Cuttings of series A, B, and C had a 
value of 27.4, 58, and 81.61 respectively, 
Ghamical composition of 
terminal cuttings 
The chemical analyses of terminal cuttings ai'e 
presented in table 29 and shorn graphically in figure 4, 
Moisture, There v/as a descending gradient in 
cuttings of 
the percentage of moisture from the /series A to C, 
about 
Cuttings of series A had/0,43 per cent more moisture 
about 
than those of series B, and the latter/ha4/2 per cent 
more than cuttings of series C, 
Carbohydrates 
Monosaccharides; There was no definite relation­
ship between the vegetative vigor of the cuttings and the 
percentage of monosaccharides. Cuttings of series A imd 
0,12 per cent more than tiie cuttings of series C and the 
latter had 0.01 per cent more than cuttings of series B, 
Polysaccharides: A definite Inverse association 
existed between the percentage polysaccharides and the 
vegetative vigor of the cuttings. Cuttings of series A, 




The oheraloal composition of the terminal cuttings of differi 
series, expressed in percentage fxeshi weight. 
Series; jKo. of J :Mono- ;Poly~ sTotal tSoltible:ln-
i Type of Cuttings :Cuttings:MoistureSsacoha-:saccha-JOarbo-sHitro- J so] 
s tAnalissedt jrides rrides :dra.tesjgen ;N"i1 
A Strongly vegetative 
outtings ?2 93.1^-3 0.6? 0.79 1.^6 0.06 C 
B Moderately vegetative 
outtings 76 93.06 O.S^l- 1.07 1.61 0.01 0 
0 Weakly vegetative 
outtings lis 91.71 0.55. 2.07 2.61 0.01 0 
• f^liTTiTnTF'-  ^

Table 29 
ipOBition of the termiml cuttings of dlffarent 
id in percentage fresh v/eight. 
: :Mono~ :Poly- :Total {Soluble:In- t Total 5Carbohydrate' 
iJMoieturessaccha-: sacchs~.:Oarbo-s^itro- J soluble :Kitrogen ; Nitrogen 
LJ jridee :rides ;drate8jgen ;Nitrogen:. s Ratio 
93.^3 0.67 0.79 1.^6 0.06 0.05 0.11 12.72 
93.06 o.5i|- 1,07 1.61 0.01 0.05 0.06 26.03 
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The Chemical Composition of the 
Terminal Cuttings o-f fhe Different' Series 
-lis 
Total carbohydrates: Cuttings of series 0 
had 1 per cent more total carbohydrates than those of 
series B, and the latter had only about 0,2 per cent 
more than the cuttings of series A, 
Nitrogen 
Soluble nitrogen J !Phere v/as no definite 
relationship between the vegetative vigor of the 
cuttings and the percentage of soluble nitrogen. 
Cuttings of series A had the hi^est percentage and 
those of series B and C had the same percentage. 
Insoluble nitrogens Cuttings of all series 
had the same percentage bf Insoluble nitrogen. 
Total nitrogen: Cuttings of series A had the 
highest percentage of total nitrogen and those of series 
B and C had the sajiie. 
Carbohydrate-nitrogen ratio. There was a 
negative association betv/een the vegetative vigor of the 
cuttings and the value of the carbohydrate-nitrogen ratio. 
Cuttings of series C had a carbohydrate-nitrogen ratio of 
about twice the vaJLue of that of the cuttings of series 
B, and the latter had one of about twice the value of that 
of series A. 
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Chemical composition 
of the leaves 
Table 30 presents the chemical analyses of 
the leaves. Due to an accident iiio chemical analyses 
of the leaves of series B are incomplete, but in 
general the results presented in this table agree with 
the chemical analyses of the leaves presented in table 
13 in vdriich it will be noted that the chemioal reserves 
occurred in the leaves in practically the same proportion 
as they were present in the basal and terminal cuttings. 
Summary of chemical analyses 
The results of the chemical analyses may be 
summarised as folloY/as 
!• The strongly vegetative cuttings had the 
highest percentages of moisture and soluble nitrogen and 
the weaJcly vegetative ones had the lowest percentages of 
these materials. 
2. The weakly vegetative cuttings had the 
highest percentages of polysaccharides, total carbohydrates 
and value of the earbohydi»ate-nitrogen ratio and the 
strongly vegetative ones had the lowest percentages of 
these materials# 
3. There was no definite relationship betv/oen 
the percentages of monosacclaarides, insoluble nitrogen, 
total nitrogen, and the vegetative vigor of the cuttings. 
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Table 30 
The chemical composition of the leaves of different serie 
expressed In percentage fresh weight 



















: Nito- : 
: gen : 
A Leaves of strongly 
vegetative cuttings 39.17 0.16 1.35 2.01 0.05 
B Leaves of moderately 
vegetative cuttings ——. O.Cl 
0 Leaves of weakly 
vegetative cuttings 39.67 0.10 2.99 3.10 0.01 

Table 30 
in^osition of the leaves of different series, 
roentage fresh weight 
:Mono- ; Poly~ : Total :Soluble tInsoluble : Total tOarbohydrate-
re tsaccha- :saocha- :Oarbo- t Nito- s Nitrogen ; Nitrogen ;Nitrogen 
: rides :rides ihydrates ; gen : ; : Ratio 
7 0.16 1.^5' 2.01 0.05 0.353 o.^g 5.29 
O.Cl 0.12 O.lil' 
0.10 2.99 3.10 0.01 0.09 0.10 30.9^ 
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4. In general, there were great differences 
in the cliemlcal composition of the cuttings of aeries 
A and B on the one hand and those of series 0 on tlB 
other, v/hereas the differences in the chemical 
composition of the cuttings of series A and B were 
very slight# 
5. Terminal cuttings had higher percentages 
of moisture I and soluble, insoluble, and total nitrogen 
than the basal cuttings, 
6. Basal cuttings had higher percentages of 
monosaccharides, polysaccharides, and total carbo­
hydrates and a higher valiie of carbohydrate-nitrogen 
ratio tlian the terminal cuttirgs. 
Root growth studies 
It vd.ll be recalled that in the previous 
experiments, the cuttings were prepared by simply divid­
ing the shoots into basal and terminal halves, con­
sequently there was a great variation in the length of 
the cuttings of the different series. A question arose 
In the T?/riter*s mind as to the possible effects of the 
length of the cuttings on the degree of rooting. "Ehis 
fourth experiment was conducted to study the influence 
of the chemical reserves and the length of the cuttings 
on the degree of rooting. To accomplish this, two typos 
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of cuttings were used In tills experiment, namely, 
ordinary cuttings, similar to those of the other 
experiments in which the entiro shoot was out Into 
halves, and short cuttings In will oh eaoh cutting was 
limited to four or five nodes. 
Root growth of the basal 
cuttings in water 
Table 31 gives the results of root growth 
studies of basal cuttings in v/ater» After 8 days some 
of the cuttings of series C had produced roots, whex'eas 
none of those of either series A or B had rooted. After 
12 days, the short cuttings of series B had produced 
the greatest amount of roots and those of series C 
ranlced second. After 28 days, the long cuttings of 
series B had produced the greatest amount of roots and 
the long cuttings of series A ranked next. Cuttings of 
series C had produced the least amount of roots after 
28 days. 
Root growth of tiie terminal 
cuttings in water 
The data on root growth studies of the terminal 
cuttings are presented in table 32. Cuttings of series 
C had produced the greatest amount of roots after 8 days. 
From the 12th day to the end of the experiment the 
cuttings of series B produced the greatest amount of roots. 
Table 31 
The amount of roots produced by the basal cuttings of different 
length in water at various intervals of examinations 
Series Type of Cuttings 
:Intervals of:No. of :Average : 
TreatmentjExaninations:Cuttings :Amount {Percentage 
! rExaaiined :of Roots: Rooting 
Or dinar y"- After 8 days 10 0.00 0,00 
n 12 tl 10 5,50 60.00 
It 19 Tl 10 6.50 60.00 1! 28 If 10 11,50 60,00 
n 8 H 10 0.00 0.00 
ti 12 n 10 4.80 80.00 
!l 19 II 10 8,60 100.00 
tl 28 tr 10 8,70 100,00 
s 
Ordinary tl 8 tl 10 0.00 o.oo-
IS n 10 6,10 100,00 
19 tl 10 12.00 100,00 
« 28 n 10 15.50 100.00 
Short » 8 n 9 0,00 0.00 
I) 12 ft 9 •7,89 • 100.00 
II 19 tl 9 8,33 100.00 
It 2R tt 9 9,44 100.00 
Ordinary It 8 It 15 3.00 40.00 
II 12 tj 15 7,60 100.00 
It 19 ft 15 4.73 100.00 







Ordinary cuttings were prepared by dividing the entire shoot into basal and 
terminal halves, 
•5H5- Short cuttings were prepared by leaving only four to five nodes on each cutting. 
Table 32 
The amount of roots produced by the terminal cuttings of 
different length In water at various intervals of examinations 
- - ; : t :No. of : Average : 
Series;Type of Cuttings sTreatment:Intervals of ;Cuttings:Amoimt : Percentage 
. . : : ;Examinations :Examined:of Roots : Rooting 
Strongly vegetative Ordinary Afte r 8 days 10 0.00 0.00 
cuttings If 12 It 10 31,00. 100.00 
"19 It 10 43.50 100.00 
It 28 tr 10 54.50 100.00 
Short K 8 n 10 1.50 30.00 
n 12 n 10 34,50 100.00 
n 19 31 10 48,00 100.00 
n 28 11 10 42.50 100,00 
Moderately vegetative » 8 n 10 3.00 30.00 
cuttings Ordinary n 12 n 10 83.00 100,00 
ij 19 II 10 100.00 100.00 
n 28 It 10 100.00 100.00 
Short n 8 11 9 3.89 77.78 
» 12 !l 9 83.33 100,00 
11 19 II 9 83.33 100.00 
II 28 II 9 88.89 100.00 
Weakly vegetative Ordinary H 8 n 15 56.00 100.00 
cuttings n 12 n 15 49.67 100.00 
<1 19 n 15 55.33 100.00 
II 28 n 15 39.67 100.00 
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Cuttings of series A advanced in tJaeii- degree of 
rooting and surpassed those of series C wlien the 
cuttings were left longer in the rooting medimn. 
The short cuttings of series A and B showed "better 
capacity to root than the corresponding long ones at 
the beginning of the experiment, but the long ones 
surpassed the foraier as they v/ere left for a greater 
time in the rooting medixHiu 
Root growth of the basal 
cuttings in sand 
The results of the root growth studies of the 
basal cuttings in sand are shown in tables 33 and 34, 
It will be seen by exainining table 33 that after an 11 
day period there was no definite relationship between 
the degree of rooting and the vegetative vigor of the 
basal cuttings of the diffei'ent series. It will be 
noted also that the short cuttings of series A and B 
had produced greater amount of x-oots than the 
corresponding long ones. 
At SI days, there was an ascending gradient in 
the degree of rooting from the cuttings of series A to 
C, Plate IX, figures 1, 2, and 3. It will be noted also 
that the long cuttings of series A and B showed bettor 
capacity of rooting than the corresponding short ones. 
Table 33 
The amount of roots produced by the basal cuttings of 
different length in sand at various intervals of examinations 
— : ! J Intervals of jlTo, of : Average : 
Series: Type of Cuttings ; Treatment:Examinations:Cuttings :Amount j Percentage 


































Drdinary After 11 days 6 4.16 66.66 
Short H n II 4 6.25 100.00 
Ordinary !» fj n 2 2.50 50.00 
Short n ti It 3 10,00 100.00 
Ordinary tl u >1 8 3.75 62.50 
Ordinary After 21 days 10 14.00 100.00 
Short n n II 19 9.47 94.74 
Ordinary II tl 11 10 14.00 100.00 
Short fi n 11 20 13.75 100,00 
Ordinary 11 II n 28 14.64 100.00 
Ordinary After 28 days 19 7.26 100,00 
Short n It II 18 3.72 100.00 
Ordinary It II I? 19 8.16 100.00 
Short 11 1! It 20 7.55 100.00 
Ordinary II II II 38 4.37 100.00 
Table 34 
*Phe amoimt of roots produced by the basal cuttings in sand 
at various intervals of examinations, expressed in percentages 
of fresh and dry weights 
: : Intervals of : No, of :Percentage s Percentage 
Series; Type of Cuttings i Examinations : Cuttings :Presh Weight: Dry Weight 
: : Examined i of Roots : of Roots 
A""" " Strongly vegetative After 21 days 29 3*31 0,20 
cuttings 
B'"' Moderately vegetative nun -q 3*50 0.20 
cuttings 
C Weakly vegetative " " " 28 4.14 0.30 
cuttings 
a'"'' Strongly vegetative After 28 days 37 12,16 0.95 
cuttings 
B"' Moderately vegetative " " " 39 19,87 1.21 
cuttings 
C Wealcly vegetative n « n 6,51 0,55 
cuttings 
Roots produced by the ordinary and short cuttings were combined. 
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Aftor 28 days, "both the short and long 
cuttings of series B and the long cuttings of series 
A had surpassed those of series C in the degree of 
rooting. It will be seen that the long cuttings of 
series A and B shov/ed a decided superiority in lihe 
degree of rooting over the corresponding short ones, 
Plate X, figures 1* 2, and 3. 
In table 34 are presented the aiaouiit of roots 
produced "by the basal cuttings in sand after 21 and 28 
days, expressed in percentages of i'resh and dry v/eights. 
These results verify those obtained by estimation. 
Root growth of the terminal 
c^ittings in sand 
The results of the root growth studies of the 
terminal cuttings in sand are presented in tables 35 
and 36, in Y/MC1I it will be seen that the v/eakly 
vegetative cuttings produced the greatest amomt of 
roots during the first 81 days, Tlie strongly vegetative 
cuttings produced the least amount of roots d\iping the 
same period, Plate IX, figures 1, 2, and 3« It is inter­
esting to note also t-hat the short cuttings of series A 
and B had produced more roots than the corresponding long 
ones after 11 days; ho.vever, after 21 days and until the 
end of the experiment the long cuttings produced more 
roots than the corresponding short ones# 
Table 35 
The amoiint of roots produced hy the terminal cuttings of 
different length in sand at various intervals of examinations 
Series: : ; Intervals of;No. of :Average : 
„ : Type of Cuttings s Treatment j Ex?jnination : Cuttings lAmount i Percentage 
. : : ! ;Examined:of Roots j Rooting 
A -.-Strongly vegetative Ordinary After 11 days 6 11 •66 100 
cuttings 
If f» Strongly vegetative Short 4 22.50 100 
cuttings 
B Moderately vegetative Ordinary I' II n 2 15.00 100 
cuttings 
n Moderately vegetative Short n rj 3 30.00 100 
cuttings 
H fl II 0 Yi'eakly vegetative Ordinary 8 46.25 100 
cuttings 
A Strongly vegetative Ordinary After 21 days 10 62.00 100 
cuttings 
It ij II Strongly vegetative Short 19 53 *68 100 
cuttings 
II II n B Moderately vegetative Ord3 nary 10 66.00 100 
cuttings 
n tj If Moderately vegetative Short 20 59.00 100 
cuttings 
11 « fj C Weakly vegetative Ordinary 28 68.57 100 
cuttings 
A Strongly vegetative Ordinary After 23 days 19 51.84 100 
cuttings 
tj If fl Strongly vegetative Short 17 35,88 100 
cuttings 
II B Moderately vegetative Ordinary If » 19 50.00 100 
cuttings 
ti If n Moderately vegetative Short 20 25.00 - 100 
cuttings 
11 If If C Weakly vegetative Ordinary 38 32,11 100 
cuttings 
Table 36 
The amoTint of roots produced by the terminal cuttings in sand 
at various intervals of examinations, expressed in percentages 
of fresh and dry weights 
: :Intervals of : 
Series; Type of Cuttings : Examinations: 
ft • « 










Strongly vegetative After 21 days 
cuttings 
29 14.69 1.00 
B'"' Moderately vegetative " " " 
cuttings 
30 22.20 1.30 
C Weakly vegetative " " " 
cuttings 
28 30.18 3.20 
A'^  Strongly vegetative After 28 days 
cuttings 
36 98.40 6.73 
B^^ Moderately vegetative " n n 
cuttings 
39 69.87 4,17 
C vi/eakly vegetative " " " 
cuttings 
38 39.34 2.62 
«• Roots produced by the ordinary and short cuttings were combined. 
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After 28 days, the strongly vegetative 
cuttings had produced the £;r.'eatest omoimt of roots 
and the weaJrly vegetative onos produced the least, 
Plato X, figures 1, 2, and 3. 
These rosvilts are similar whether the data 
are reclcenod in average amount of roots obtained "by 
estiuiatlon or in percentages of fresh v/eight and dry 
v/eight of x'oots. 
Summary of root growth studies 
The results on the root growth sttidles may 
"be summarized as follows: 
1, The basal and terminal cuttings produced 
roots more quickly and more abxmdantly in water •ttian 
In sand, 
2 ,  The results In water v;ere not quite regvilara 
Tlie basal and tiiH-iainal cuttings of series C produced the 
greate st amount of roots at the beginning of the expex'i-
ment and those of sei*l©s B ranked second. After a time 
the cuttings of series B had produced the greatest 
amount of roots and those of series A ranked second 
until til© end of the experiment. 
3, In sand, all basal and termJ-nal cutt3.ngs of 
series A, B, and C ranked in an ascending order in the 
degree of initial rootistg. 
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4» The terminal cuttings of all three series 
produced a f;roater amount of roots and showed a hi^er 
percentage rooting than the nasal ones. 
5» Short cuttings produced a greater amount 
of roots than the long ones at tlT£5 "beginning of the 
experiment tout the long ones surpassed them as the 
cuttJ ngs v;ere left longer in the rooting media® 
6. The basal cutting produced roots only in 
the vicinity of the hasal cutj whereas the terminal 
cutting px'oduced roots on practically the entire 
submerged portion !or the portion covered »viuh sand, 
?• The submerged portions of the terminal 
cuttings of series C and some of those of series B 
curved upwards. 
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DISCUSSION OP RESULTS 
The results presented in the foregoing experi­
ments show striking relationships between the chemical 
composition, vegetative vigor, type, and the degree of 
rooting of coleus cuttings. 
Vegetative Vigor of the Plants 
In all the experiments the plants responded 
noticeably to the fertilizer applied, r.ireo types of 
plants were always obtained; first, strongly vegetative 
plants which had been fertilized with full nutrient 
solution v;ith a high nitrogen contentj second, moderately 
vegetative plants which had been fertilized with full 
nutrient solution with a lovx nitrogen content | and third, 
weakly vegetative plants v/hicli had been fertilized with 
a nutrient solution without nitrogen. In no two experi­
ments vxere the plants of similar treatments exactly alike 
but the similarity of plants of the corresponding treat­
ments was consistent. Differences between series of the 
same experiment were always much greater than the 
differences between the corresponding series in different 
experiments. Variations of plants in the different 
experiments are attributed mainly to differences in the 
time of the year during which the plants v/ere grown. This 
is substantiated by the fact that the plants in the first 
•isl­
and foiirth ©xperlments, which were grovm during the 
months of Hoveraber to Marcii in two different jeavs 
were siiitilar in general appes.i>ance; whereas, the plants 
of the second and third experiments, which were grown 
during the months of April to October, were likewise 
similar in general appearance. Those plants, which were 
grov/n during the months of November to March were more 
vigorous and were darker green in color than those which 
were grown during the months of April to October. It la 
interesting to note that those plants which were grown 
during the months of April to October had slightly higher 
percentages of total carbohydrates but lov/er total nitro­
gen than those which were grovm during the months of 
November to March. Undoubtedly length of dayli^t and 
cloudiness v/ere some of the factors which detei*mined the 
type of plants during any one season. The decrease in 
total nitrogen can b© accounted for, at least in part, by 
its utilization by the greater vegetative growth during 
this period. These results agree with the findings of 
other Investigators. Reid (23), working with the tomato 
obtained plants of varying vigor in different experiments 
conducted at different periods of the year. She 
attributed this aifforence to the cloudy weather of 
Kovember and December, together \vlth tine short period of 
daylight, Deata (7), vrarkJ.ng with the pepper and tomato. 
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reported that the relative length of day and night may 
control growth "by affecting the carbohydrate-nitrogen 
ratio. Gilbert (9), reported that short days greatly 
prolonged the vegetative period of plants# nightingale 
(20), reported that limiting the dally illmnination to 
seven hours decreased the carbohydrate content while 
the amount of nitrates and other forms of soluble 
nitrogen increased markedly. Tinker (29), studying the 
effects of day growth and chemical composition of the 
tissues of certain economa.c plants, reported that there 
is a correlation between thj chemical composition as 
oxp2?e3sed by the carbohydrate-nitrogen ratio and the 
behavior of the plant. He believed that the length of 
day factor governs the utilization of the carbohydrate 
manufactured and the rate of stem elongation, and so in­
fluences the carbohydrate-nitrogen ratio, 
Ohemical Analyses 
In general. It was found that, the percentages 
of moisture, soluble nitrogen and total nitrogen were 
directly associated with the vegetative vigor of the 
cuttings. Other workers have reported similar results, 
Kraus and Krayblll (15), working with the tomato, reported 
that there was a close correlation between the amount of 
nitrate nitrogen, total nitrogen, and moisture on the 
-133-
one hand and the vigox* of the plants on the other. 
It vms noted consistently that the percentages 
of polysaccharides, total carbohydrates, and the vtilue 
of the carbohydrate-nitrogen ratio were highest in the 
v/eakly vegetative cuttings and lov/est in the strongly 
vegetative ones* In this connection it should be noted 
that the chemical reserves in the coleus plants were 
mostly acid-hydroliaable substances or polysaccharides. 
Because of the presence of a relatively greater abundance 
of polysaccharides than monosaccharides, the individuality 
of the latter disappears and the presence of the poly­
saccharides are reflected when the total carbohydrates 
are considered. Since the total nitrogen was present in 
a relatively small quantity, the presence of the total 
carbohydrates in a comparatively g2»eater quantity is 
likewise reflected when the value of the carbohydrate-
nitrogen ratio is considered. 
njlie strongly vegetative cuttings had the least 
percentage of polysaccharides because the free reducing 
substances were utilized in carrying on the physiological 
activities of the plant such as the respiratory activity 
and building up of the nitrogenous compounds as the amino 
acids. Due to the lack of nitrogen supply in the v/eakly 
vegetative plants, there was an accumulation of the free-
reducing substances which in turn were transformed into 
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Hore complex polysaccharides. Those findings agree with 
the reaults obtained by other workers, Kraus and 
Kraybill (15), have shown that there v/as a rapid 
accumulation of carbohydrates v/hen nitrogen was a limit­
ing factor for protein synthesis, Abbott (1), reported 
that the beginning of the rest period in yomg apple and 
peach trees was associated with carbohydrate accumulation. 
Gamer and Allard (8), reported that an increase in the 
carbohydrates has been shown to take place when elongation 
is checked. Zimmerman and Hitchcock (33), assuoned that, 
when any growth process is interfered with, the utilization 
of the two main b\illding materials, carbohydrates and 
nitrates, will decrease correspondingly thus permitting 
their accumulation, 
Tliere was no definite correlation between the 
percentages of monosaccharides and the vegetative vigor 
of the cuttings, Pox' instance, in the second experiment, 
the terminal cxittings of tiie moderately, weakly, and 
strongly vegetative cuttings had percentages of mono-
saccliarides in a descending ox'der. In the fourth 
experiment, the terminal cuttings of the moderately, 
weakly, and sti'ongly vegetat3.ve shoots had percentages of 
these materials in an ascending order. These results ai'e 
in agreement with the fladings of Kraus and ICraybill (15), 
who reported that the proportion of the free-reducing 
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substances to other carbohydrates, total nitrogen, and 
nitrate nitrogen was variable. 
It was noted also that there was no definite 
relationship between the percentage of insoluble nitrogen 
and the vegetative vigor of the cuttings. It is interest­
ing to note that in spite of the fact that the woalcly 
vegetative plants were not supplied with nitrogen, in some 
cases their cuttingshad the same percentages of insoluble 
nitrogen as those of either the strongly or moderately-
vegetative plants. For example, in the fourth experiment, 
the terminal cuttings of the weakly vegetative shoots had 
the sama percentage of insoluble nitrogen as those of the 
strongly vegetative shoots. ^?his may be accounted for in 
part, by the fact that the synthesized insoluble nitrogen, 
such as the amino acids, were utilized for growth in the 
strongly vegetative shoots and hence did not accumulate. 
Due to arrested growth in the wealcly vegetative plants 
accumulation of the synthesized insoluble nitrogen took 
place in that group. 
In general, v/ithin the entire shoots, there v/as 
an ascending gradient of percentages of moisture, soluble 
nitrogen and total nitrogen from the basal cuttings to 
the terminal cuttings. Conversely, there was a 
descending gradient in the percentages of monosaccharides, 
polysaccharides, and total carbohydrates, and the value of 
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the carbohydi'ate-nitrogeii ratio from the basal to the 
terndnal cuttings. Reld (23) and Kraus and Kra-rbill 
(15) J, fotmd similar results. Harvey (11), studying the 
gx-'o^vth in siwimer shoots of apples reported that substances 
which tend normally to decrease through the gro\Ying 
season are alv/ays most abundant in the tip and least 
abundant in the base, for example vrater and nitrogen; 
v/liile substai\ces which tend, normally to Increase through 
the growing season are alv/ays least abundant in the tip 
laad most abundant In the base, for instance sugars, 
polysacchai»ides and total carbohydrates, and tlie value 
of tlie carbohydrate-nitrogen ratio. 
The results obtained in this investigation 
furnish additional evidence to support the concept that 
the chemical reserves play an important role in the 
p.«-/ducti6n of roots in cuttings. In discussing the 
response of the cutting to rooting, the rcnuats can be 
d-iscussed best under two inain headings; fJrst, root 
growth of cuttings In water; and second, root growth of 
cuttings in sand. 
Root Grovfth Studies 
In Water 
Due to the fact that the results obtained from 
several trials v;ere inconsistent, no definite conclusion 
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could be drawn as to tlie influence of tho daeinlcal 
reserves on the degree of rooting of the cuttings in 
water. It was rather difficult to follov; quantitatively 
the influence of the clieiiiical reserves on rooting of the 
cuttinf^s in water becaiise they formed roots so rapidly. 
The rapid defoliation of the wealily vegetative cuttings 
in water also mitigates against the accuracy of the 
results obtained in this rooting medium. The influence 
of the chemical reserves on tho degree of rooting could 
have been stiadied or followed more closely in v/ater if 
the cuttings wore defoliated, for then root grov/th could 
have been retarded. Held (23), studying the influence 
of tho chemical x'eserves on growth of tomato cuttings 
v/as able to study the degree of rooting by planting the 
cuttings in Y/ate„' after they have boon defoliated. In 
this Y/ork, the leaves ¥/ere not romoved, because it v/as 
found by Calina and Richey (3) that defoliation of coleus 
cuttings re3^^1ted in a very siarlced decrease in grov.'th and 
in some cases in a 100 per cent mortality. 
There are some evidences Twhich indicate that the 
chemical reserves had influenced the degree of rooting to 
some extent. Foi'» instaiice, in the fourth experiment, it 
was noted that after 11 days, the basal and the terminal 
cuttings of the v;eakly vegetative shoots had produced 
roots more profusely than the corresponding cuttings of 
the strongly and moderately vegetative shoots. Since 
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thls always resulted from the high carbohydrate cuttings 
In sand It is reasonable to assume that the higher per­
centages of total carbohydrates and higher value of the 
carbohydrate-nitrogen ratio of the weakly vegetative 
cuttings favored the initial rapid growth of roots in 
the water culture. In this experiment. It was likev/ise 
noted that, the moderately vegetative cuttings rooted 
more profusely than the strongly vegetative ones. The 
same explanation as given above may be offered for 
those results. 
It was observed consistently that there v;as an 
upward curvature of the basal portion of the high-
carbohydrate terminal cuttings. Loeb (16), in his 
studies on Bryophyllum calyciniam found a direct 
association of curvature in stem and root formation. 
He has shown that bending is due to the increased grov/th 
of the cortex v/hich Sachs thought to be due to a hormone 
which is either closely associated or identical with the 
cause of root formation. On the basis of the results 
obtained in the present study, bending was found to be 
associated v/ith the presence of high carbohydrates, 
especially acid-hydrolizable substances. 
It was further observed that the high-carbo­
hydrate cuttings, especially the basal ones, showed 
distinct protruberances or root knobs which soon 
developed into roots, Reid (22), noted also that 
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hlgh-carbohydrate toniato cuttings, particularly the 
basal ones, frequently showed the primodia of numerous 
adventitious roots, so far grown out into the cortex 
that they appeared as distinct elevations. Carlson 
(3), noted swellings at the base of nev; branches of 
the Dorothy Perkins rose due to an unusual development 
of secondary phloem v/hich gave rise to ne;v roots. She 
did not observe these sv/ellings in the American Pillar 
cuttings which had less starch reserves and less roots 
than Dorothy Perkins. 
In Sand 
The consistent association of carbohydrates 
reserves and root production of the cuttings in the 
sand proved beyond doubt that initial rooting in the 
coleus cuttings was greatly influenced by those reserves. 
In all of the experiments, and in all of the cuttings 
made from similar portions of different shoots, it was 
found that the cuttings having the highest percentages 
of polysaccharides, total carbohydrates, and value of 
the carbohydrate-nitrogen ratio formed roots soonerj 
produced the greatest amounts of rootsj and showed the 
highest percentage of cuttings rooting. Conversely, those 
cuttings having the lowest percentages of these materials 
formed roots later; had the least amount of roots; and 
shov/ed the lowest percentage of rooted cuttings# In 
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comparing the results of one experiment with those of 
another, neither the same total amount of root growth 
nor the same relative amount of roots were necessarily 
produced for each gram of these ohemical reserves, 
A few exceptions from these general results 
were noted* In the preliminary expeririient, for 
instance, there was no definite association between the 
vegetative vigor of lateral cuttings and the degree of 
initial rooting. The modexmtely vegetative lateral 
cuttings produced more roots than the weakly vegetative 
lateral cuttings. This difference may be ascribed, in 
part, to the presence of larger foliage on the moderately 
vegetative cuttings than on the weakly vegetative ones. 
It was noted also that in some instances, the 
low-carbohydrate cuttings surpassed the high-carbohydrate 
cuttings in the degree of rooting \Hhen they viere left 
longer in the sand. The reason for this is obvious. 
The presence of more foliage on the low-carbohydrate 
cuttings (more vigorous cuttings) resulted in a 
correspondingly greater amoiint of synthesized food which 
resulted in a correspondingly laijgoi' growth. Since the 
tendency of the plant is to balance the top and root 
growth, it is vory evident that the reserves and newly 
synthesized food would first be utilized for the 
production of a satisfactory root system. After such 
a root system has been established, the balance between 
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the root and top growths would be maintained, Th© 
fact that the weakly vegetative cuttings showed 
greater depletion in their chemical reserves after the 
roots had developed than tlie strongly vegetative ones 
suggest that the latter had better capacity to 
synthesize these reserves than the former. Calma and 
Ridioy (3), have recently reported the importance of 
the leaves to the development of roots in coleus 
cuttings• 
As a whole these results are in harmony with 
the findings of other investigators (15),(17),(19)^ 
(20),(21),(22),(23),(24),(25),(26),(27),(29),(30), 
(31),(32),(33). Some of these workers claim, however, 
that it is the carbohydrate-nitrogen ratio that 
determines the capacity of cuttings to root. The 
results herein presented strongly indicate that the 
percentage of total carbohydrates, particularly acid-
hydrolizable substances is a better index of the 
capacity of the coleus cuttings to form roots than 
eltlier the total nitrogen or the carbohydrate-nitrogen 
ratio. 
When the degree of rooting of the cuttings of 
th© different sections of the same shoots is compared, 
it was found that in all of the experimentsi in all of 
the different series j and in both rooting media, the 
••143 "• 
tei'Kiinal cubtings I'ooted more profusely and gave higher 
percentage of rooted cuttings than the basal ones. These 
results may be accounted for, by many reasons, most 
Important of which are the differences in the age of 
the tissues and the amount of foliage in the two types 
of cubtings. The presence of couiparatively youilger 
tissues v/lth a suitable amount of reserves and move 
foliage in the terMnal cuttings undouotedly resulted in 
their superiority to produce roots over the basal ones* 
It is interesting to note here, that in spite of the fact 
that the basal cuttings had higher percentages of total 
carbohydrates and value of carbohydrate-nitrogen ratio 
than the terminal ones, the latter exhibited better 
rooting. This suggests the importance of some factors 
other than the chemical reserves in the development of 
roots by cuttings. Priestly (22), stated that the 
conditions necessary for the regeneration of new organs 
include the presence of maristematic tissue (or the 
capacity to develop it) and a suitable nutrient supply. 
According to Carlson (5), Van TiegheTr and Doulist 
concluded that endogenous roots arise entirely from 
the pericycle, except in older portions of stems v/here 
the pericycle has lost its "root forming chacter". It 
is possible that in this work some of the basal 
cuttings had lost their "root forming character". Knight 
(13), states "it is a first essential that the meristem 
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requislte for root dovelopment be present, or be 
capable of development in the stem, and fortherj the 
internal conditions of nutrition must be such as to 
favor the development of these meristems in the roots" 
In all probability the terminal cuttings used in this 
work had all these requisites for root development. On 
the other hand, the basal cuttings may have had 
favorable internal nutritional conditions but lacked 
the meristem requisite and hence showed a rooting 
capacity inferior to the terminal cuttings# 
It was noted also that the basal cuttings, 
which contained but a small amount of leaf area, produced 
roots only in the vicinity of the cut, whereas, the 
terminal cuttings, whidi possessed a much larger leaf 
area, roots appeared all along those portions submerged 
in v/ater or covered with sand. It v/as noted by Calma 
and Richey (3), that fully defoliated coleus cuttings, 
irrespective of the age and chemical reserves, produced 
roots mostly in the vicinity of the cut. Undoubtedly 
in this work, an insufficient amomt of foliage on the 
basal cuttings, especially on the high-carbohydrate 
cuttings, v/as responsible, at least in part, for the 
production of roots only in the vlc?-n5.ty of the cut. 
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STJM&IARY 
1. The data herein presented are the results 
of an investigation covering a tv/o year period concern­
ing the growth of ooleua cuttings as influenced "by 
their chemical composition, 
2 ,  Plants T/ore groTOi in sand cultures to 
obtain cuttings with varying vegetative vigor and hence 
differing in cb.omical reserves. Three tyi^es of plants 
^.ifere always obtained; first, strongly vegetative plants 
fertilized with full nutrient solution v/ith hi^ nitrogenj 
second, moderately vegetative plants fertilized v/ith full 
nutrient solution with low nitrogenj and t3:iird, v/eakly 
vegetative plants, fertilized with nutrient solution 
without nitrogen, 
3» In no tViTO experiments were plants of similar 
treatment exactly alike but the similarity of plants of 
the corresponding treatments was consistent. Differences 
between series of the same experiment were alvuays much 
greater than the differences "between tlie corresponding 
series in different oxperiinents. 
4, Plants that were grown dur.lng the months of 
Hovemher to March v;ero similar in £:;enoral appearance and 
those that were grown during the months of April to 
October were likewise similar. Those plants that were 
grown during the months of Hovember to March had slightly 
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Mgher percen-bages of total nitrogen and lower percent­
ages of total carl")ohydrates than those that were grovm 
during the months of April to Octohor. 
5. The shoots v/ere each divided into basal and 
terminal halves for chemical analyses. Basal and 
tcriiainal cuttings v/ere j)repared from the shoots for 
growth studies, and in one case lateral cuttings were 
prepared also for such studies, 
6. The cuttings of lihe shoots of varying 
vegetative vigor were analysed separately for moisture, 
monosaccharides, acid hydroliaahle su"bstan.ces or poly­
saccharides, total carbohydrates, soluble nitrogen, 
insoluble nitrogen, and total nitrogen, Disaccharides 
were also deterinined, but due to an unexplained 
destruction of the reducing pov/er of the plant e:ctract 
during hydrolysis, the percentage of these materials 
is not reported in this paper, 
7. There \''/as a definite relationship between 
the chemical composition and the vegetative vigor of the 
cuttings, 
a. In general the most vigorous cuttings 
load the highest percentages of moisture, soluble nitro­
gen and total nitrogen, and the le«st vegetative cuttings 
had the lowest percentages of these materials, 
b. The least vegetative cuttings had the 
hif^est percentages of polysaccharides, total carbohydrate 
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and value of t3a© eai-TDohydrate-nitrogen ratio v/hile the 
most vigorous ones had the lowest percentages of these. 
G, There was no definite relationship 
"betv/een the percentages of aionosaccharides and in­
soluble nitroi;;sen on the one hand and the vegetative 
vigor of the cuttings on the other. 
Reasons for the existence of such results were 
given. These i^esults were also compared with the 
findings of other investigators who used other plants. 
8. In general, there v/as an ascending gradient 
of the percentages of moisturey soluble nitrogen and 
total nitrogen from the basal to the terminal cuttings. 
Oonverserly, there was a descending gradient of the 
percentages of the monosaccharides, polysaccharides, 
total carbohydrates, and values of the carbohydrate-
nitrogen ratio from the basal to the terminal cuttings. 
9a The degree of rooting of the cuttings of 
varying vegetative vigor was studied using both water 
aiid sand as rooting media. 
a. Water was not a satisfactory rooting 
medium for studying the degree of rooting of coleus 
cuttings with foliage, because the roots developed so 
rapidly that the influence of tlie chemical reserves 
coTild not be followed quantitatively. 
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There were certain observed facta, however, 
which suggest that the chemical reserves had influenced 
rooting of cuttings in water to a certain extent. For 
Instance, it was noted that there was a consistent 
curvature of the basal portions of high-oarbohydrate 
terminal cuttings. Also, in the fourth experiment, it 
was noted that both high-carbohydrate basal and terminal 
cuttings showed better initial rooting than the lowe-carbo-
hydrate cuttings. Distinct elevations, or root knobs, 
were observed on some of the hi ^-carbohydrate basal 
cuttings earlier than similar elevations on the low-
carbohydrate basal cuttings. All of these phenomena were 
observed by other v/orkers to be associated with the 
degree of rooting in cuttings. 
b. In the sand, the initial degree of root­
ing of cuttings was directly associated with the percent­
ages of polysaccharides, total carbohydrates, and the 
value of the carbohydrate-nitrogen ratio. The cuttings 
having the highest percentages of acid-hydroliziable 
substances, or polysaccharides, total carbohydrates, and 
value of carbohydrate-nitrogen ratio produced the 
greatest amount of roots and showed the highest percent­
age of rooted cuttings. 
10. In all of the experiments, in all of the 
different series, and In both rooting media, the terminal 
cuttings produced roots more profusely and showed higher 
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percentages of rooting than the basal cuttings, 
11, The most vigorous cuttings producod the 
greatest amount of tops and the least vegetative 
ones produced the least amount» 
12. As a v/hole the results present evidences 
of the significance of the nature and quantities of 
available chemical reserves in influencing the degree 
of rooting of coleus cuttings. There are available 
data indicating that other factors such as age of 
tissue, amount of foliage, rooting media, etc., also 
influence the degree of rooting of such cuttings. 
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CONCLUSIONS 
The percentages of polysaccharides or acid 
hydrolizabl© substances proved to be a better index 
of the capacity of coleus cuttings to form roots than 
did the soluble nitrogen, insoluble nitrogen or the 
carbohydrate-nitrogen ratio. 
In order to obtain the greatest amount of 
roots in the shortest length of time from cuttings 
of Coleus blumei in sand, the grower should select 
leafy terminal cuttings from slovily grov/ing plants. 
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EXPLANATION OF PLATES 
Plate I 
Representative plants from each of the 
different treatments, showing the effects of the ap­
plication of modified Knop*s nutrient solution. These 
plants are typical of those that were grovm during the 
months of November to March, Photographed March 12, 
1931, 127 days after planting. 
Pig. 1. Vifealcly vegetative plants, fertilized 
with nutrient solution without nitrogen. 
Fig. 2. Moderately vegetative plants, fertilized 
v^lth full nutrient solution v/lth lov/ nitrogen. 
Fig. 3, Strongly vegetative plants fertilized 
v/ith full nutrient solution with high nitrogen. 
Plate II 
Representative basal cuttings of the different 
series In experiment 1, showing the relative degree of 
rooting In sand after SO days. Note that most of the 
weakly vegetative cuttings produced roots while none of 
the strongly vegetative cuttings produced roots. 
Pig. 1, Strongly vegetative cuttings, 
j^ig, 2, Moderately vegetative cuttings. 
Pig. 3. Weakly vegetative cuttings. 
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Plate III 
Representative termirxal cuttings of the 
differant series In experljnent 1, ahoiving the i-elatlve 
degree of rooting In sand after 20 days. Hots that all 
of the meakly vegetattTe cuttings produced roots while 
only a few of the strongly vegetative cuttings produced 
roots. 
^ig. 1. Strongly vegetative cuttings, 
^ig. 2. Moderately vegetative cuttings. 
'^ig. 3. Weakly vegetative cuttings. 
Plate IV 
Representative plants from each of the 
different treatments, showing the effects of the 
application of modified Khop.s nutrient aolutlon. These 
plants are typical of those that were grovm during the 
months of April to October. Photographed July lo, 19S0, 
82 days after planting. 
Fig, 1. Weakly vegetative plants. 
Fig. 2. Moderately vegetative plants. 
Pig. 3. Sbrongly vegetative plants. 
158-
Plal;e V 
Representative basal cuttings of the different 
series in experiment 2, shov/ing the relative degrree of 
rooting in water after 24 days. Note l^hat the roots 
appeared only in the vicinity of the hasal cut. 
Fig, 1, Strongly vegetative cuttings. 
Pig. 2. Moderately vegetative cuttings. 
Pig. 3. V/eslciy vegetative cuttings. 
Plate VI 
Representative terminal cuttings of the 
different series in experiment 2, showing the relative 
degree of rooting in water after 24 days. Not© the 
curviture of the basal portions of the moderately and 
•crealcly vegetative cuttings. Roots appeared £)n all of 
the submerged portions of the cuttings. 
Fig. 1. Strongly vegetative cuttings. 
Fig. 2. Moderately vegetative cuttings. 
Pig. 3, Weakly vegetative cuttings. 
Plate VII 
Representative basal cuttjLngs of the different 
series in experiment 3, shov/ing the relative degree of 
rooting in sand after 25 days. Hote that the roots 
appeared only in the vicinity of the basal cut. 
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Plg. 1. Strongly vegetative cuttings. 
^ig. 2. Moderately vegetative cuttings. 
Pig. 3. Yi/eakly vegetative cuttings, 
Plate VIII 
Representativ© terminal cuttings of the different 
series in experiment 3, showing the relative degree of 
rooting in sand after 25 days. Note the abundant roots 
produced hy the weakly vegetative cuttings. 
'^ig, 1, Strongly vegetative cuttings. 
Fig. 2. Moderately vegetative cuttings. 
Pig, 3, Y/ealdy vegetative cuttings, 
Plate IX 
Representative terminal and basal cuttings of 
the different series in experiment 4, showing the relative 
degree of rooting in sand after 21 days. Hote the 
.significant difference in the degree of rooting betv/een 
the terminal and basal cuttings and also, the appearance 
of the roots only in the vicinity of the cut in the latter. 
Top rov/, temdnal cuttings. Bottom row, basal cuttings. 
Pig. 1. Weakly vegetative cuttings. 
Fig. 2, Moderately vegetative cuttirga. 
Pig, 3, Strongly vegetative cuttings. 
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Plate X 
Representative terminal and basal cuttings 
of the different aeries In experiment 4, showing the 
relative degree of rooting in sand after 29 days. 
Note that the strongly vegetative cuttings were the 
most profusely rooted- 'fop rov/, terminal cuttings. 
Bottom row, basal cuttings. 
Fig, 1, Yi/ealcly vegetative cuttings, 
J'ig, 2, Moderatoly vegetative cuttings, 
^3.g, 3, Strongly vegetative cuttings. 
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